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FUNGOUS ROOT ROTS THE 


Abstract 


This paper reports the results two years investigation the Horticul- 
tural Experiment Station Vineland, Ontario, fungi associated with the 
root rot strawberries. Roots from the field were collected periodically 
throughout two growing seasons and were studied direct microscopical exam- 
ination and plating methods. Hundreds isolates from diseased roots were 
tested artificial inoculation strawberry roots, and the primary parasites 
were further studied. These were classed the following genera: Pythium, 
Fusarium, Alternaria, Ramularia, Verticillium and Cylindrocladium. 
Microscopical examination revealed three additional forms, Asterocystis, 
Plasmodiophoraceous fungus and the Phycomycetous mycorrhizal fungus, 
which are obligate parasites Phycomycetous type. Some the fungi occurred 
more frequently than others, and there were seasonal variations the activity 
most them. similar root flora was encountered wild strawberry roots, 
that most these fungi are probably indigenous. Their relative importance 
can determined only several years observation field material. 


Introduction 


generally agreed among growers and agricultural field men the 
Niagara Peninsula, Ontario, that strawberry yields have been decreasing 
during the past years. According their estimates present yields are 
from 75% less than those formerly obtained. Associated with losses 
yield the untimely death plants plant parts. 


This condition not peculiar the Niagara Peninsula since somewhat 
the same general situation seems exist various parts the United 
States and Great Britain. review the literature indicates that many 
factors have been considered various workers contribute the reduced 
yields strawberries. these the most important have been environmental 
factors and cultural methods (7), virus diseases (9, 17, 23), genetic aberra- 
tions (4, 8), various animal parasites such nematodes (6) and aphis (5), 
and numerous fungous diseases the leaves, crowns and roots. 
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The present work was undertaken the Horticultural Experiment Station 
Vineland, Ontario, effort assess the importance root-rotting 
fungi the problem strawberry degeneration. this station great 
culty has been experienced the strawberry breeding plots because 
standard varieties and hybrid selections fail maintain their initial level 
production, owing marked loss vigor some plants and the death 
many others. This has led extreme cases the loss certain stocks. The 
most consistently occurring condition associated with unhealthy strawberry 
plants was badly rotted root systems, and consequently was decided 
investigate the role parasitic fungi bringing about this condition. 


Methods 


Many the data presented herein were derived from thorough examin 
ation roots from the field, such roots being collected periodically throughout 
two growing seasons. collection included the root systems three 
six plants. Root systems which were almost intact were obtained care- 
ful digging and washing. Final washing was facilitated the use camel’s- 
hair brush with running water. 


There some difficulty making direct microscopic examination 
strawberry roots, the procedure which was usually followed given 
detail. strong light 120-watt bulb with reflector and condensing mirror) 
necessary permit examination the smaller laterals and the edges 
the larger roots. Further examination the roots the living condition 
required the use material sectioned hand water-soaked pith. This 
was usually preferable material which was crushed dissected with fine 
needles. Larger roots were boiled potassium hydroxide solution 
remove brown discolorations, and Aman’s lacto-phenol solution which 
had been added few drops either cotton blue acid fuchsin. This treat- 
ment cleared the material and stained most the fungi present. 

Some roots from each collection were planted cornmeal agar Petri 
dishes. The washed roots were rinsed sterile water, the surplus water was 
blotted off, and then the roots were cut into pieces suitable for plating. 
Additional material for plating was obtained from roots which had been 
hand sectioned. When microscopic examination showed that section con- 
tained single desired fungus, its growth the plate could watched and 
consequently its isolation was greatly simplified. plated 
material was begun after hr. and single hyphal tips were cut out the 
agar when they appeared. 

Direct microscopic examination gross material was supplemented 
studies microtome sections. Masses roots imbedded Parlodion 
after fixation Carnoy’s solution formol acetic alcohol. Satisfactory 
staining was obtained the use Ehrlich’s and Haidenhain’s hematoxylin. 

The value direct microscopic examination field material increases 
proportion the number fungi that can recognized thereby. The chief 
difficulty this respect arose attempting differentiate between the 
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mycelia the various imperfect fungi. Comparison field material with 
that artificially inoculated with known fungi has made possible the recognition 
most the fungi commonly seen field material. Certain exceptions will 
dealt with later. 

Since strawberry varieties not breed true, seedlings are not suitable 
experimental material and large numbers clean* plants were necessary for 
artificial inoculations. was found that runner buds detached from the 
mother plants before the roots had broken through the swollen areas where 
they were formed, grew when planted steam-sterilized soil. The writer’s 
practice was select those which were not contact with the soil, and 
wash them under the tap before planting. When growth conditions the 
field were good nearly all such runners could used, but hot, dry 
weather they seemed much less vigorous and the percentage suitable 
material was reduced one-half. the writer’s experimental material 
there was evidence fungous infection from the mother plant the runner 
through the runner stem. The runner plant was healthy far one could 
judge general appearances. Root systems were well developed, white 
color and were actually free from fungous infection. The aboveground parts 
were good color and vigor with suggestion whatever any virus diseases. 

The parasitism all the culturable organisms herein described was 
tested inoculations clean plants soil. mixture equal parts 
moistened oat and barley seed, sterilized flasks, was the medium used for 
increasing the fungi. From gm. such inoculum was distributed 
through steam-sterilized soil six-inch pots before clean plants were trans- 
planted into them. The plants were allowed remain the infested soil 
for periods varying from one three weeks, when they were removed and 
the roots examined. 

such study this, one soon overwhelmed with pure cultures 
organisms unknown parasitic capabilities, and tests parasitism arti- 
ficially contaminated soil require much time and material. The following 
method testing parasitism preliminary way proved very useful and was 
apparently reliable. Young runners with their roots just protruding may 


had large quantities during July, August and September 


year. Such runners were washed under the tap and transferred flasks 
containing moistened filter paper where they were inoculated with pieces 
agar from plate cultures. The runners made considerable growth during the 
three four days necessary for test. This environment favors attack 
most fungi, that when they showed indications parasitism under 
these conditions they were discarded. 

addition the fungi which may artificially cultured there are com- 
monly found the roots several obligate parasites which known plating 
method will reveal. Their effects the plant can determined only from 
the study field material with the microscope. The criteria their 
parasitism were the disappearance the contents host cells and the 
disintegration tissues after invasion. 


*Plants whose roots were free from parasitic fungi are referred ‘‘clean plants.” 
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Such evidence presented with respect relative frequency and sea- 
sonal changes the fungous flora the roots was derived from direct observa- 
tion field material, supplemented plating. Neither the methods can 
relied detect slight changes small scattered infections given 
fungus. Hence, since the variations detectable such methods are neces- 
sarily large and striking, they are probably significant this important aspect 
the complex root rot. 


Materials 


There was opportunity the Horticultural Experiment Station, Vineland, 
Ontario, make preliminary studies the roots many varieties straw- 
berries. The decadent variety Van Dyke appeared excellent experi- 
mental material, but the few plants extant the beginning the work died 
within few months. 


Premier was then chosen the most suitable variety for further study. 
This was the source most the writer’s isolations fungi and was the 
host for all parasitism tests. 


Results 


This preliminary elucidation the roles root-rotting fungi the prob- 
lem strawberry degeneration involves many fungi that has been found 
most convenient discuss each genus separately. 


There some variation the treatment accorded certain the fungi, 
particularly the genera Pythium, Fusarium and Ramularia. Our knowledge 
Canadian forms the genus Pythium inadequate that was decided 
investigate its mycology well its pathology this instance. The 
genera Fusarium and the other hand, have been studied 
some detail Canada. The genus Fusarium has received much attention 
from taxonomists and pathologists that was thought advisable concen- 
trate less well known fungi. Because the work Walker (24) the 
genus Ramularia connection with the strawberry, the present study this 
was confined comparison its activities with those other fungi. 


experiments were designed primarily distinguish aboveground 
symptoms result attack the various fungi, and nothing distinctive 
character was noted parasitism tests field material. each instance 
there was stunting and some cases the plant died. The stunting the 
aboveground parts seemed the expression food and water shortage 
result extensively damaged root system. 


(a) The Genus Pythium 


Some hundreds isolations Pythium were made from strawberry roots 
and few from other hosts growing the same soil. The parasitic capabilities 
certain quite different forms the genus obtained from hosts growing 
other regions were also tested. Most the isolates were discarded either 
because lack virulence because duplication. 
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vitro inoculations 
the more virulent isolates 
Pythium resulted the 
complete destruction the 
root system hr. The 
affected portions the 
roots became brown color 
and soft texture. The 
mycelium entered the roots 
any point, though there 
was initial tendency 
parasitize the regions near 
root tips. Entrance the 
host was effected means 
small penetration 
usually produced 
from appressorium 
the end mycelial 
branch contact with the 
host. Inside the host cell 
the penetration hypha im- 
mediately enlarged the 
normal diameter the 
mycelium and this process 
was repeated passed 
through succeeding cell 
walls. Host cells were 
rapidly killed. Though 
cortical tissues were dam- 
aged most commonly the 
fungus was able pene- 
trate the stele. 


Artificial inoculations 
soil resulted extensive 
damage the roots. Some- 
times the damage was 
severe that the plant died. 
Under such conditions the 
points attack tended 
near pieces inoculum 
scattered through the soil. 
Figs. and illustrate roots 
inoculated soil with 
Pythium isolate 
This was the only 
encountered which formed 


wa 


inoculation Pythium 80. Fic. Young 
infection Pythium showing oogonia and few 
scattered pieces mycelium. 315. Fic. Pythium 
isolate showing characteristic method branching 
the mycelium. 315. Pythium isolate 
showing oogonium, oospore and antheridium. 960. 
This type antheridium common all the Pythium 
forms described herein. The oospore wall thicker than 
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oospores strawberry roots. Such infestation was not seen field 
material. The same figures illustrate the difficulty tracing mycelial threads 
infested tissues. very young invasions the mycelium full proto- 
plasm and may found easily. Somewhat later, however, seen only 
with great difficulty and easily overlooked field material. 


Morphological studies the parasitic isolates were undertaken 
attempt specific identification. The life cycles are all incomplete that 
none the isolates were induced form zoospores. This introduces difficul- 
ties taxonomy, for the method zoospore discharge major importance. 
However, the general characteristics the isolates warrant placing them 
the genus Pythium. They have all produced spherical bodies, which under 
appropriate conditions would expected form zoospores, but they con- 
sistently acted conidia and germinated germ tubes. Thus, according 
key (13, pp. all belong the Sphaerosporangium group 
the section containing forms which zoospore discharge unknown. 
Sexual reproduction has been seen some the forms. With the data 
hand has not been possible place them any described species and 
does not seem advisable erect new species until more certain that the 
missing phases are unobtainable. After discarding obvious duplicates the 
number parasitic isolates was reduced nine, and these appeared fall 
into four groups. One isolate from each group has been selected for description. 
Except where specified all observations were made from the fungi growing 
cornmeal agar. 


Group 
Intramatrical mycelium yellowish masse; capable about mm. 
radial extension hr. room temperature; composed rather straight 
often make angle about 45° with the main branches (Fig. 3), and 
appressoria which are roughly oval shape and measure 


Oogonia terminal intercalary, smooth, subspherical; average 
diameter. Antheridia number, monoclinous, usually clavate, 
making narrow, apical contact with the oogonium (Fig. Sometimes cells 
are cut off either side the oogonium and apparently function antheridia. 
Sometimes oogonium functions conidium and germinates germ 
tube. 


Oospore smooth, spherical; diameter usually about less than that the 
oogonium bearing it; wall usually thick. 


Isolated from tomato roots the Vineland district 1932. Weakly 
parasitic the strawberry, strongly parasitic tobacco, but inoculations 
tomatoes have consistently failed. Similar forms have been isolated from 
the strawberry Vineland. 
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Group 

Intramatrical mycelium colorless, capable about mm. radial extension 
hr. room temperature; little aerial growth; composed hyphae 
2.5 diameter, and elongate appressoria which are often coiled twice. 

Conidia terminal intercalary, usually terminal; subglobular, 
diameter. 

often series along hypha. 

Antheridia usually monoclinous, produced from close beside 
the oogonium; curved, clavate, making narrow apical contact with the 
oogonium; head measures stalk often irregular diameter. Some- 
times functional, sometimes producing penetration tube; oospores often 
formed when antheridia are present. 

not fill the oogonium; diameter usually less than that 
the oogonium bearing them; wall thick; oil globule diameter. 

Isolated from Van Dyke strawberries Vineland 1932. Weakly para- 
sitic strawberry, strongly parasitic tobacco. 


Group 

Intramatrical mycelium composed rather straight main branches 
diameter; side branches diameter, and appressoria which are 
curved and swollen about twice the diameter the hyphae. 

Conidia either terminal intercalary, subglobular lemon-shaped; 
usually diameter; tending form groups and early devoid 

Oogonia seldom seen; the same size and shape the conidia. Anthe-idia 
seldom seen and always appear functionless; clavate, curved, making 
narrow apical contact with the oogonium. 

Oospores seldom seen; smooth, globular, usually filling the oogonium; 
wall thick; oil globule diameter. 

Isolated from lily bulbs Vineland, 1932. Strongly parasitic straw- 
berry and tobacco. Isolate from strawberries differs only that conidia 
are produced much more abundantly and sexual organs have been found. 


Group 

Intramatrical mycelium composed hyphae diameter, the 
main branches which tend straight. The mycelium coils when 
contact with the glass Petri dish. 

Conidia, cornmeal agar, usually terminal and subglobular, 
average diameter. vegetable tissues they are more numerous, 
often irregularly shaped and reach diameter 

sexual organs have been found. 
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Isolated from Van Dyke strawberry roots, Vineland, 1932. Parasitic 
strawberry and tobacco. Isolate appears sexually active 
strain which was isolated from Premier strawberry 1933. Isolate 
differs from that much less parasitic strawberry; isolated 
from apple roots 1932. 

These data show that Pythiums several types are factors the root 
rot strawberries. They appear related one another but they differ 
markedly their parasitism various hosts, the presence absence 
certain organs, and the readiness with which such organs are formed. 

Certain peculiarities these fungi must understood they are 
recognized studies strawberry root rot. was noted before that 
only very young infections that the mycelium can readily seen and 
since resting spores are rare occurrence there soon little visual evidence 
the organism which caused the rot. Plating must then resorted to, and 
the infection not too old, the fungus can obtained using appropriate 
methods isolation and suitable media. Single hyphal tips can obtained 
rather readily when diseased roots are plated cornmeal agar. Spore 
suspensions fungi growing from roots plates seldom contain culturable 
spores Pythium, and lactic acid media almost inhibits its growth. 

During the course these investigations the writer has had evidence that 
moisture conditions limit the parasitic activity Pythiums. The growing 
season 1932 was noteworthy for the abundance rain the Vineland 
district, and Pythiums were active strawberry roots throughout the season. 
They were active during the earlier part 1933 until drought set in, but for 
three months after that the writer was unable obtain any evidence their 
presence this host. Rains began again August, and within week 
after the ground was thoroughly moistened Pythiums could isolated 
will. true that moisture the determining factor there will 
marked seasonal variation the activities species districts 
where the spring and fall are typically wet and the summers relatively dry. 

Owing difficulties the recognition this group they have not always 
been given the attention which their parasitic capabilities warrant. con- 
sideration the host range from which the forms herein described were 
obtained, and the hosts which they have been proved parasitic, together 
with the fact that Pythiums seem present all our cultivated soils, 
serves emphasize the pathological importance the genus. Pythiums have 
been reported the strawberry from Australia Adam and Pescott (1), 
from the United States America Plakidas (18) and from Great Britain 
Wardlaw (25), but this appears the first report from Canada. 

(b) The Genus Fusarium 

Members this group were constantly isolated during the course this 
work. Most the isolates were non-pathogenic but six forms which differed 
from each other color and spore size were proved primary parasites 


the strawberry. The following remarks are based roots inoculated with 
mixture these six isolates. 
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Attack took place anywhere the cortical region the roots, the mycelium 
ramified freely intracellularly and death invaded tissues rapidly ensued. 
Conidia were sometimes found and the tissues but more commonly 
only chlamydospores and mycelium were seen. Under conditions heavy 
artificial inoculations soil the stele was often invaded. 


Members this genus were consistently isolated throughout the growing 
seasons 1932 and 1933. drier periods they tended more apparent 
platings strawberry roots and this may indicate either the suppression 
certain other fungi, such Pythiums, actual increased activity 
Fusaria during the warmer and drier periods. 


Walker (24) reported the occurrence Fusaria the strawberry 
Ontario and others have noted their presence widely separated areas. 
Members this genus are known present nearly all cultivated soils. 


(c) The Genus Ramularia 

Walker (24) has done considerable work fungi belonging this genus 
connection with strawberry root rot Ontario, and Hildebrand’s (10) 
work indicates that several forms Ramularia are associated with root rots 
other hosts Ontario. Members the genus were encountered from 
time time during the course this work, but inoculation experiments 
were confined the use mixed culture four isolates supplied Dr. 
Hildebrand. 


Soil inoculations resulted extensively rotted roots. Microscopic exam- 
ination these roots revealed masses mycelium and chlamydospores 
type similar those resulting from Fusarium inoculations that the writer 
unable distinguish the two genera these bases. 


The present work has confirmed the report that forms Ramularia are 
primary parasites capable causing extensive damage strawberry roots. 


(d) The Genus Alternaria 

Alternaria appeared commonly plate cultures from strawberry roots 
but none the isolates were parasitic. strain isolated from Picea, Vine- 
land, was obtained from Dr. Bailey, and several pot tests caused extensive 
root rot. such inoculations the fungus was readily recognizable from the 
spores which were produced some abundance and the root tissue. 
has not been recognized field material. 


This form was secondary parasite aerial parts Picea growing the 
same region the strawberries. The consistent failure soil isolations 
this fungus show parasitism raises the question how commonly fungi 
exhibiting weak parasitism aerial parts may become primary parasites 
when given the opportunity affect roots. This especially interesting 
fungi ubiquitous Alternaria. 


previous record causing root rot the strawberry has 
been noted. 
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(e) The Genus Verticillium 


Rudolph (20) and Thomas (21) reported the relation Verticillium 
disease the strawberry America, the latter describing specific disease 
which called The species known albo-atrum has 
been reported very commonly America and known present 
the soils Vineland. This the species which Thomas encountered and 
describes being much more easily isolated from the crown than from 
roots. other hosts this species typically invades the stele. 


Observations strawberry material collected Vineland gave evidence 
primary stelar infection either the root crown. fact the crown 
was always remarkably free from invasion any fungus until the plant 
was obviously nearly dead. Verticillium was not isolated from either roots 
crowns. Since the fungus was known present other hosts the 
immediate vicinity, culture derived from diseased raspberry canes was 
used for parasitism tests both pots and single field test. Serious root 
rot resulted both instances. This material was lost before study was made 
the steles and crowns. 


Further work with this fungus plainly necessary, since parasitic form 
present Vineland and similar form known cause specific disease 
the strawberry other regions. 


(f) The Genus Cylindrocladium 


single species this genus was isolated during August and September 
1933. has not been reported before parasite strawberry 
far the writer has been able determine, and does not appear have 
been encountered commonly Canada any host. brief description 
seems warranted. 


aerial growth whitish, coarse mycelium abundant culture 
cornmeal potato-dextrose agar. The underside plate cultures charac- 
terized mahogany red color due mainly concentric rings large 
sclerotial masses. Conidiophores (Plate and are produced extra- 
matrically and are branched dichotomously. One-septate, cylindrical spores 
are borne cylindrical mass (Plate and are cemented together with 
substance which dissolves readily water that the spores are liberated 
Plate very characteristic feature the conidiophore, and some- 
times other parts the mycelium, sterile hypha (Plate and 
bearing its tip enlarged, obovate cell. The abundant sclerotial masses 
are illustrated Plate and This fungus conforms the speci- 
fications Cylindrocladium scoparium Morgan. 


Pot inoculations with this fungus showed more type para- 
sitism strawberry than was obtained with any other fungus with which 
the writer has worked. Death the plant within week was common 
occurrence and none survived longer than two weeks. The whole root system 
was rapidly rotted and the leaves which were the plant the time inocu- 
lation suddenly wilted result the complete destruction the roots. 


and conidiophores. 244. Aqueous mount showing spores, conidiophores and sterile 
hypha. 244, Fic. Sclerotium agar culture. 159. Sclerotia the surface 
mycelium root. 159. large sclerotium developed the inner cortex. 342. 


Cylindrocladium. Cylindrical spore mass. 244. Fics. and Sterile hyphae 


4 ; 
PLATE 
| 


t 


FUNGOUS ROOT ROTS THE STRAWBERRY 


The fungus can identified with certainty the host the presence 
the characteristic sclerotial masses which may produced either extra- 
intramatrically (Plate and 9), and the very curious mycelium which 
shown Plate The method branching also characteristic 
agar cultures and can identified there that character alone. 


This fungus was seen only during about three weeks August and Septem- 
ber 1933, but during that time several roots gave practically pure cultures 
it. Since its characters are distinctive there little chance that was 
previously overlooked. that true, there was well marked period 
activity late the summer after about two months dry weather. 


scoparium was first described saprophyte the pods Gleditschia 
and known the cause serious crown rot roses. must now 
considered important addition the list strawberry root parasites. 


(g) The Genus Rhizoctonia 


One the fungi most commonly seen strawberry roots during two years 
observation that shown Plate II, was obtained pure culture 
August, 1933. 


grows readily common laboratory media producing grayish, granular 
colony plate culture. The most obvious character the production 
monilioid bodies shown Plate II, These not behave chains 
spores but form sclerotial masses host cells (Plate II, and 4). Peyronel 
(16) has described fungi which calls Rhizoctonia and they have the same 
cultural characters this organism. The relationship appears quite 
definite. Another character which noted the tendency the mycelium 
form coils host tissue. Plate II, shows the strawberry fungus root 
tissue and there some tendency towards coiling. 


artificial inoculations the strawberry this fungus actively parasitic. 
Definite and extensive root rot brought about. field material there 
doubt that invaded cells are killed. When was realized that Peyronel 
(16) had reported similar organism mycorrhizal relations with various 
hosts careful canvass that possibility was made. However, check 
the material available gave evidence mutualistic relationships between 
the strawberry and this fungus. Plate II, illustrates the extent the 
damage which was caused this fungus. 


Its period activity was not easy determine direct microscopic 
examination field material. The mycelium seems quite resistant 
decay and may found quantities previous years’ roots. Many 
attempts culturing such mycelium were unsuccessful and now assumed 
that was dead. Positive evidence activity was obtained the fall 
1933 when the fungus was isolated readily. that time appeared abund- 
ance the field and remained active potted field material kept out doors, 
late December 20, though during that period the soil was frozen solidly 
several times. There interesting possibility that this fungus may par- 
tially responsible for the death strawberry plants during the dormant season. 
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This appears the first report Rhizoctonia parasitizing strawberry 
roots Canada. 


(h) The Genus Asterocystis 


single species this genus was commonly found strawberry roots. 
obligate parasite and there known method pure culture inocula- 
tions. was studied the living state hand sections strawberry roots 
mounted water, and lacto-phenol preparations. 


Fig. illustrates the appearance heavy infection Asterocystis 
stained material. Infection confined the outer cortical layer and can 
take place only means zoospores, since there mycelium. After 
penetration there develops the host cell globular oval body which may 
function sporangium develop into the characteristically rough-walled 
which punctures the host cell, and zoospores are liberated into the surround- 
ing water. The writer has studied material described Vanterpool (22) 
and can find differences between the fungus called Asterocystis radicis 
Wild. and the form strawberries. 


Asterocystis not likely mistaken for any other fungus because the 
characteristic markings its resting spores. was constantly seen 
active condition throughout the wet summer 1932 and again the spring 
1933. Infections were sparse lacking specimens examined during the 
dry season 1933. The necessity free water for the dissemination the 
zoospores accounts for the heavy infections moist soil. 


Fig. gives adequate idea the amount tissue that often destroyed 
this fungus. The loss this storage tissue must affect the plant whole. 
The normal feeding habits the roots may also disturbed when the outer 
cortical layers are largely destroyed. There also the possibility that cells 
killed Asterocystis may facilitate the attack weaker parasites which 
would less successful invading uninjured roots. The fungus seems 
present most soils and inhabit the roots many plants. previous 
report this organism attacking strawberry has been found. 


Plasmodiophoraceous Fungi 


Scattered infections organisms belonging the Plasmodiophoraceous 
group Phycomycetes were seen frequently strawberry roots. Material 
was not abundant enough for complete study but the resting spores indicate 
relationship the group represented Spongospora. Infection was always 
confined the outer cortex and consisted solid spore mass masses which 
might might not fill the host cell. One form closely resembles Polymyxa 
graminis Ledingham (12) which was reported wheat roots growing beside 
the strawberry plantations Vineland. Several variations spore arrange- 
ments were noted and this may indicate several organisms. This group 
depends zoospores for the spread infection and its occurrence straw- 
berry roots coincides with damp soil conditions. 
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Note the tendency coil the host cells. 342. Monilioid bodies agar culture. 


159. Fic. Artificially induced infection. 
Premier root from the field. 427. 


427. Fic. Empty monilioid bodies 
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(j) The Phycomycetous Mycorrhizal Fungus 

organism known the Phycomycetous mycorrhizal fungus has been 
reported the roots many plants. There appears previous Can- 
adian record this fungus the strawberry, but its presence this host has 
been noted Jones (11) the United States America and and 
(14) Great Britain. 

the fungi identifiable under the microscope field material, this one was 
the most conspicuous and the one most consistently present. result 
observations made during two years and involving about standard and 
seedling varieties, may now assumed that the root system every 
mature strawberry plant the Experiment Station, Vineland, infected 
greater less degree this fungus. 

This fungus has not been studied detail Canada relation the 
strawberry and descriptions its life history various hosts have lacked 
some phases which one expects fungus which appears 
Consequently was desirable make study not only its pathogenic 
capabilities but its morphology and life cycle. 

From the masses mycelium sometimes seen both and strawberry 
roots and the apparent lack host specificity, one would expect that the 
organism might cultured. The following media were given thorough 
many the common liquid and solid laboratory media, Ayers’ purely protein 
media (3), several animal and vegetable fats and oils and various decoctions 
and tissue media from strawberry plants. Rootlets infested with the organ- 
ism were sometimes used sources inoculum, but every case other fungi 
and bacteria were present sufficient numbers prevent long-time observa- 
tions. However, dissections the roots made possible obtain quite 
large portions mycelium free from host tissue and other fungi, and they 
were relatively free from bacteria. occasional changes the medium 
was possible keep such cultures for weeks, but growth occurred any 
these media. 

The lacto-phenol method very satisfactory for spotting the fungus 
roots during certain stages its development but not well suited bring 
out other stages, this method should supplemented hand sections 
living material dissection with needles. Sometimes direct observation 
untreated roots shows extramatrical mycelium and some distortion the 
tissues due the abundance the fungus within. For the finer details 
Parlodion sections were found satisfactory and this report most 
the observations made from such material were checked means hand 
sections living tissues. 

Penetration effected means mycelium which may enter any 
point the younger cortex either primary lateral roots, the latter being 
most commonly attacked. The penetration hypha follows tortuous course 
between and through the outer cortical cells (Plate and usually begins 
branch and spread only when the inner regions are reached. The coarse 
mycelium spreads mainly through the intercellular spaces (Plate IV, and 
and tends acquire the configuration the intercellular spaces (Plate IV, 2). 


| 
| 

4 


CANADIAN JOURNAL RESEARCH 


The layers cortical tissue next the stele are invaded and killed first, and 
for some time there discoloration the outer part the root. Some- 
times the fungus spreads outwards well longitudinal direction 
that most the cortex the root occupied (Plate III, and More 
commonly, however, the outer layers are not invaded but they eventually 
die and the whole rootlet becomes brown color. The death the unin- 
vaded outer cortex may due its being cut off from the stele layer 
dead cortex but the death cells seems progressive from the cells 
close the fungus those farther away and this suggests that the fungus 
may implicated directly. 


The structures produced from the mycelium the strawberry have proved 
similar those described other hosts. The intercellular mycelium 
produces short lateral branches which enter the host cells and develop highly 
complex structures known arbuscles (Plate IV, and 8). The 
type seen Plate IV, seems rather rare and doubtful whether repre- 
sents stage the development all arbuscles. such instances im- 
possible determine the limits the ultimate branches the fungus. Plate 
III, and are examples the forms most commonly seen and these prob- 
ably represent mature arbuscles. These degenerate after time that only 
the main branches are left collapsed condition (Plate IV, and 11). 
When this occurs the host tissue immediately surrounding obviously dead 
and that section the fungous thallus empty contents. 


The mycelium also bears vesicles which are terminal enlargements 
mycelial branches, more less oval shape (Plate III, but tending 
somewhat distorted the intercellular spaces. Only two examples (Plate 
IV, and 13) these structures were found intracellular position. 
the living condition (Plate IV, and 15) they closely resemble sporangia 
the Phycomycetous type. Many these were removed from the tissues 
and observed under conditions calculated favor zoospore discharge, but they 
neither produced spores nor did they germinate hyphae. The contents 
oily nature and when treated lacto-phenol the small globules coalesce 
into one (Plate has been suggested that the vesicles may storage 
organs. 

Both arbuscles and vesicles may produced simultaneously, 
the other may lacking. Vesicles may reach diameters well over 100 
microns, and they are very prominent lacto-phenol preparations. They 
may produced such numbers cause visible distortion the rootlet, 
the host cells being forced apart the intercellular growth masses 
the fungus. 


The designation this organism Phycomycete previous workers 
seems justified view its non-septate mycelium and the resemblance 
the vesicles sporangia, but has obvious relationship with other mem- 
bers this group. sexual process known and with single exception 
(Peyronel, 1923) spores have been reported. There little variation 
the description specimens this fungus found any its hosts, and 
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Phycomycetous mycorrhizal fungus. Fic. Transverse section infected root showing the 
position the intercellular hyphae. 244. Fic. Transverse section show ring cells 
near the periderm which contain arbuscles. 244. Fic. Longitudinal section showing the 
extent tissue infected. 133. Fic. enlarged segment from Fig. showing typical 
arbuscles host cells. 244. reproduction from the work O’Brien and 
for comparison. Vesicles treated with lacto-phenol. 88. 
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Phycomycetous mycorrhizal fungus. Fic. Infection hypha. 342. Intercellular 
mycelium conforming closely shape with the intercellular spaces. 342. series 
three old arbuscles produced from mycelial hypha. 342. Fic. young finely divided 
arbuscle. 760. Fics. and Other more usual types arbuscles. 342. 
Arbuscles borne tissues containing crystals. This appears uncommon occurrence. 
342. Fic. Strands mycelium completely outlining the host cells. 342. Fics. 
and 11. Old, collapsed arbuscles. 760. and 13. The instances noted intra- 
cellular vesicles. 342. and 15. Vesicles the living condition. 342. 
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failure culture the organism has made impossible obtain direct evidence 
its specificity. Several weed hosts this fungus may found close 
proximity strawberry plants Vineland and seems unlikely that there 
would strains specific each. 

The roots young runners commonly become infected mycelial strands 
from already infested roots nearby. Those which strike into the ground closest 
the mother plant are often noticeably more heavily infected than those further 
away. multiple infections single rootlet has been observed that 
mycelium has travelled along the outside the root, from point where 
infection was established, another part the root. seems likely that 
during the growing season most the new infections come from living hosts. 
However, vesicles have been kept dead host tissue and also free from 
host tissue aqueous solutions for weeks without any disintegration their 
contents change their appearance. Also, some infection has been pro- 
duced pots Vineland soil.in which there was probably living host 
tissue harbor the organism. Consequently seems reasonable suspect 
that the vesicles may function resting bodies capable maintaining the 
fungus the absence living hosts. 

The fungus was active throughout the growing seasons 1932 and 1933 
Vineland, both wet and dry soils. has been active periods mild 
weather potted material left out doors December 20, though the 
plants were dormant and the soil had been frozen solidly several occasions. 
Jones’ work with the similar fungus legume roots showed that was active 
temperatures ranging from 33° 

There some question about the nature the relation this very 
similar fungi the roots certain plants. Rayner (19) has discussed 
mutually beneficial relationships with several hosts. Jones (11), after study 
this fungus legume roots, concludes that parasite. O’Brien and 
(14) are the opinion that this fungus the primary cause 
strawberry losses Great Britain. 

The evidence that this fungus strictly parasite when growing the 
strawberry indisputable. has been noted that large amounts cortical 
root tissues are killed after The activity the fungus during 
dormant period the plant appears preclude any mutually beneficial 
relation during that time; and, finally, clean-rooted strawberry plants have 
been grown through complete cycle dormancy, flowering and fruiting 
steam-sterilized soil, that may discard any theory that the fungus 
necessary the plant. The writer considers that this fungus one 
the more important pathogenes the strawberry Vineland. 


The Flora Wild Strawberry Roots 


Wild strawberries were collected several parts Ontario and from many 
habitats. The visible root flora parallels remarkable degree that found 
cultivated varieties. The Phycomycetous mycorrhizal fungus, 
ocystis and Rhizoctonia are commonly present. The root symptoms 
whole resemble those diseased cultivated strawberries. The fact that wild 
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varieties are affected with the same root rot that have been dealing with 
quite significant, for strong evidence that many the strawberry 
parasites are indigenous. 

Discussion 

slightly different method attack has thrown new light the problem 
reduced yields strawberries. Direct examination roots showed that 
numerous fungi were with root rot affecting practically every 
strawberry plant the Experiment Station Vineland. study these 
fungi has revealed the presence primary parasitic forms belonging four 
genera the Phycomycetes and five genera the Fungi Imperfecti, well 
some additional parasites which were occasionally seen but have not yet 
been studied any detail. 

The relative pathogenicity these parasites problem first importance 
under such conditions and yet cannot solved readily because the dominant 
parasitic flora varies from time time. some instances, the case 
Pythium, moisture relations appear control the seasonal activity the 
parasite, others temperature seems most important, but many other 
cases impossible evaluate the importance the factor competition 
and the various physical and chemical factors the soil environment. 
The fungi seen most commonly microscopical examination infected 
roots were the Phycomycetous mycorrhizal fungus, Rhizoctonia and 
ocystis, whereas the parasitic forms most commonly isolated culture were 
Pythium, Fusarium and Ramularia. quite possible, however, that 
relatively short periods activity virulent parasites may more 
significance than the continued activity less aggressive forms. would 
seem, therefore, that satisfactory answer the question the relative 
importance these parasites could obtained only observation their 
activities through several seasons. 

has been found very difficult compare the conditions Vineland 
with those described the literature strawberry root diseases. Several 
diseases this type have been described and there has been tendency 
select specific organism the cause most instances. Thus Alcock al. 
attribute root rot Phytophthora; O’Brien and the other 
hand, regarded the Phycomycetous mycorrhizal fungus the fundamental 
cause strawberry root rot both Scotland and England. Walker (24) 
apparently regards species Ramularia the primary cause 
Ontario. This would seem suggest fluctuations the dominant 
parasitic flora different times and places. any case, our present knowl- 
edge the strawberry root troubles Vineland does not warrant the selection 
any one organism the primary cause. 

Wardlaw (25) found Pythium associated with root rot Scotland but 
considered that many fungi might responsible for the disease. noted 
that the trouble was more severe poorly drained soils and advocated change 
cultural methods. This suggests the possibility that the strawberries 
attacked may subnormal vigor. This interesting possibility which 
needs full investigation. The soil Vineland was probably not seriously 
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deficient nutrients and was good other respects. Yet, inasmuch all 
the evidence suggests that the fungi involved are indigenous, there the 
strong suggestion that cultural methods have somehow other favored the 
accumulation these parasites. The possibility modifying the parasitic 
flora the soil, increasing continued cultivation known forms and 
decreasing through cultural methods designed increase the factor 
competition with innocuous forms, must investigated forthwith. 
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RECENT OBSERVATIONS STRAWBERRY ROOT ROT THE 
NIAGARA 


HILDEBRAND? 


Abstract 


The investigations reported here have centred largely around isolations from, 
and critical microscopic examination of, the roots affected plants. Isolations 
from 684 young, adventitious and lateral roots showing definite lesions bordered 
turgid, healthy tissue, yielded representatives approximately different 
genera fungi, ranging frequency occurrence from 0.4% the case 
Gliocladium 32.7% the case Fusarium. Next Fusarium, isolates 
Ramularia and Pythium appeared most frequently and consistently culture, 
the former 28.5%, and the latter 10.8%, the plantings. Results 
infection experiments involving these well other genera, including Penicil- 
lium, Rhisoctonia, Hainesia, Cylindrocladium, Coniothyrium and Helmintho- 
sporium, are not yet available and impossible the moment evaluate the 
significance their association with the diseased condition the roots from 
which they were isolated. Isolations from 125 apparently healthy rootlets 
occurring root systems, other which were more less severely 
diseased, yielded representatives nine different genera fungi, ranging 
frequency occurrence from 1.6% the case Alternaria 5.6% the 
case Ramularia. Isolates Fusarium appeared 4.0% the plantings. 

Microscopic examination 550 adventitious and lateral roots wild and 
cultivated plants has revealed the almost universal occurrence their tissues 
two the so-called ‘‘endotrophic mycorrhizal One these the 
characteristic phycomycetoid type, producing arbuscules and vesicles, the other, 
the Rhizoctonia type familiar orchids. The former type has been observed 
much more consistently than the latter. number instances both types 
have been found the tissues the same rootlet. least three strains the 
Rhizoctonia type have been isolated but far all efforts culture the other 
organism have been unsuccessful. Resting spores Olpidiaster 
and the spherical, smooth-walled spores some member the Plasmodio- 
phoraceae were observed diseased rootlets the early part the growing 
season. was noted abundance occurring diseased roots obtained 
the field during September and November. 

Nematodes have encountered association with diseased roots 
numbers and frequency sufficient suggest possible causal relationship 
strawberry root rot. 


Introduction 
Studies root troubles strawberries have necessity become problems 
major importance many districts where this crop grown under com- 
mercial conditions. Contributions general but more particularly, perhaps, 
those the field pathological research have emphasized more and more 
the complexities the problems involved. The results reported the present 
paper, based upon investigations carried out during the past eight months, 
suggest that the study strawberry root rot exists the Niagara 
peninsula the problems involved are less complex than those encountered 

workers elsewhere (Europe, U.S.A., etc.). 
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Symptomatological Observations 


its general effect, its wide distribution and its more detailed symp- 
tomatology the disease referred this present paper strawberry root rot 
compares more closely with the black-root disease strawberries Michigan 
described Strong and Strong (9) 1931, than with any other root 
trouble described the literature. its general effect the disease respon- 
sible not only for the failure runner plants become established the 
soil, which characteristic effect was noted Berkeley (2) early 1924, 
but also for sudden and heavy losses older plants, particularly the 
cropping period. With regard more detailed symptomatology, the follow- 
ing observations may add certain points interest the symptomatological 
picture the same disease presented Walker (10) 1929. during 
periods thaw the winter, daughter plants their first period dor- 
mancy are removed the soil plantations where the disease has been 
severe the previous summer, will found many cases that the white, 
turgid, unbranched, autumn-formed adventitious roots are already more 
less completely girdled numerous, definite lesions, the roots the point 
attack showing dark brown blackish discoloration and definite necrosis 
tissue. these adventitious roots “constitute the frame-work which 
built the extensive fibrous root system necessary support the plant 
through the flowering and cropping (4), can readily understood 
how the young plant its subsequent development will adversely affected 
direct proportion the severity attack its adventitious roots. 
year-old plants growing infested soil are examined the spring early 
summer, during which periods there rapid and extensive development 
lateral roots from the main adventitious roots formed the previous autumn, 
will found that many the finer laterals have rotted off while others, 
still attached, show definite lesions varying size. may noted here 
that O’Brien and (5) emphasize that the most characteristic 
symptom the so-called strawberry disease” Great Britain 
one spoken ‘‘root the latter term being descriptive 
condition which primary roots affected plants lack lateral branches and 
finer fibres. Poverty absorbing roots affected plants is, then, point 
common between strawberry Great Britain and 
strawberry root rot the Niagara peninsula. There nothing, however, 
O’Brien and M’Naughton’s description symptoms that suggests the 
occurrence the larger adventitious roots, definite lesions which, girdling 
such roots near the point their emergence from the crown, render useless 
their entire distal portion with its more less extensive system laterals. 
Alcock (1) examining diseased strawberry plants forwarded her from 
various parts Scotland noted that ‘‘the roots, some them, showed 
definite die-back from their tips, marked absence laterals and ‘fibrous’ 
root formation, and, less commonly than the tip die-back, intercalary lesions, 
i.e., discolored areas the surface tissues the root not involving the tip.” 
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The discoloration and collapse tissue diseased areas both the 
autumn-formed adventitious roots and the spring-formed laterals are quite 
distinct from (i) the somewhat similar phenomena which accompany the 
seasonal cessation function and death the finer absorbing laterals, and 
(ii) the color changes and decortication the older main roots which continue 
live and become important regions starch deposition. Symptoms 
attendant upon diseased and deficient absorbing system are general lack 
vitality, more less stunted appearance, reduced capacity for runner 
production and sudden collapse the onset dry weather, especially 
during the cropping period. The increasing severity the disease given 
plantation successive years, the failure second plantings land where 
the disease has formerly been present and the gradual but certain spread 
the disease throughout given district, all point the spread inoculum 
and its accumulation the soil the point where becomes for 
strawberries. The occurrence lesions such definite nature suggests 
attack one more parasitic organisms. 


Isolations Microscopic Examination of, Roots Affected 
Plants. 

The work date has involved isolations from, and detailed microscopic 

examination of, the roots large number affected plants. The plants 

were obtained (i) from various plantations the district successive intervals 


throughout period ranging from May, 1933, until January, 1934, and 


from greenhouse specimens obtained training runners from healthy parents 
over pots containing soil collected intervals throughout the growing season 
from plantations where the disease was severe. avoid senescent tissue, 
material was carefully selected include more recently formed and still- 
functional lateral and adventitious roots. Crowns were also examined and 
some were found diseased, but the majority such cases infection 
appeared have spread the crown from the roots. 


from the Roots Affected Plants 


Individual roots rootlets showing definite lesions were placed glass 
slide and washed under running water using soft brush, the root- 
let being held position during the process means rubber band passing 
around the slide and over one end the specimen. Following rinsing sterile 
water portion the rootlet, including necrotic region, was trans- 
ferred the surface nutrient media Petri dishes. the case almost 
every root system examined, individual rootlets were observed which, even 
under the dissecting microscope, showed evidence disease. number 
these apparently healthy roots, after being treated identically the same 
manner those showing definite lesions, were also transferred plates 
nutrient media. Surface sterilization rootlets involving disinfectants was 
not attempted and non-acidified media were used throughout. various 
media tested earlier the investigations; including prune agar, malt- 
extract agar, strawberry root agar and potato-dextrose agar (dextrose, 24%), 
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the last-mentioned proved most satisfactory and was used exclusively 
the later work. Some the plantings remained sterile, others produced 
bacteria alone, while the remainder developed both bacteria and fungi. 
the fungi grew beyond the periphery the bacterial colonies, hyphal tips 
were cut off and removed tubed slants. Individual plantings yielded 
some cases one more representatives single genus, others, repre- 
sentatives several different genera. The complete results the isolations 
from 684 diseased rootlets, that is, rootlets showing definite lesions, and from 
125 apparently healthy rootlets the same plants are summarized Table 

will noted Table many different organisms have been found 
association with diseased condition strawberry roots. Among the fungi, 
representatives the genera Fusarium and Ramularia have been most 
frequently and consistently isolated, the former exceeding the latter the 
aggregate 4.2%. close parallelism appears exist the occurrence 
these two fungi. During June, July and September they were isolated with 
gradually increasing frequency until peak was reached November, after 
which, shown the results January isolations, they fell off sharply. 
The various isolates Fusarium have been resolved into five distinct strains 
growth forms, while those Ramularia have yielded least six different 
forms. Strain these and other genera encountered have been 
determined comparison morphological and cultural characteristics 
monospore hyphal-tip cultures grown for the same length time the 
same medium under identical environmental conditions. Fusarium and 
Ramularia appear general distribution since they were isolated 
frequently from affected plants from one plantation from those from 
another. parallelism noted also the occurrence and 
Rhizoctonia. July and August, during which periods the weather was 
unusually hot and dry, Pythium developed from only 3.5% and 
from only 4.4% the plantings. September, November and January 
isolations, the occurrence Pythium increased 15.8% (the average for the 
three months) and that Rhizoctonia 13.4%. Isolates which 
have yielded four different strains, have been obtained with equal frequency 
from plants from various sources, but the isolates Rhizoctonia, which have 
also been resolved into four growth forms, have all been isolated from plants 
obtained from the same plantation where, during the summer 1933, the 
disease was particularly severe. Helminthosporium (one strain) and Cylin- 
drocladium (one strain), the case Rhizoctonia, have been isolated from 
plants obtained particular plantation. Other fungi, however, including 
Penicillium (three strains), Hainesia (three strains) and (one 
strain) appear general their distribution. 

Nematodes appeared frequently the original plates but since, many 
cases, their presence was not detected until the colonies fungi bacteria 
originating from different plantings had become confluent, impossible 
tabulate the frequency their occurrence with any degree certainty. 

total 125 plantings from what appeared healthy rootlets, 
(15.0%) remained sterile, (51.2%) developed bacteria alone and the 
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remaining produced bacteria and fungi. The development 
bacteria from 85.0% the plantings not regarded significant, since the 
rootlets previous planting were washed tap water only. the nine 
genera fungi which appeared, representatives six them, namely, 
Hormodendrum, Ramularia, Fusarium, Aspergillus, Alternaria and Penicillium 
were also isolated from diseased rootlets. Whereas plantings from diseased 
rootlets, representatives several genera fungi frequently developed from 
individual rootlets, healthy rootlets the other hand only few cases 
yielded more than one genus. This the reason why, the section Table 
under the percentage totals for isolations from diseased roots 
add 132.2%, while those for isolations from healthy roots total 99.8%. 
Nematodes were rare occurrence the five series plantings from the 
healthy roots. 


Microscopic Examination the Roots Affected Plants 

the microscopic studies, material from the roots wild strawberry, 
Fragaria virginiana, has been examined addition the much greater 
amount material obtained from roots field and greenhouse specimens 
several horticultural varieties the cultivated strawberry. Material exam- 
ined has included very young older (but not senescent) adventitious, lateral 
and fibrous roots, some showing definite lesions, others exhibiting various 
degrees discoloration and still others appearing perfectly healthy. The 
finer laterals toto and razor the larger and coarser adventitious 
roots were either (i) boiled for two three minutes lacto-phenol with acid 
fuchsin cotton blue, (ii) immersed solution prepared adding 
gm. acid fuchsin 100 cc. picric acid (saturated solution 95% 
alcohol). After boiling, the finer laterals were mounted clear lacto-phenol 
and gently crushed under the cover slip. Altogether about 550 individual 
roots and rootlets from many different plants were examined this way. 

the case isolations was possible tabulate the results with high 
degree accuracy since the organisms having once been obtained pure 
culture could studied and identified least far the genus all but 
comparatively few cases. Comparable accuracy impossible recording 
the results microscopic examination. Too many cases were encountered 
where organisms that were present lacked the distinguishing characteristics 
necessary for even generic diagnosis. Thus the results which follow, only 
those organisms with reference the identity which little doubt remains 
have been mentioned, and attempt made record their relative fre- 
quency occurrence definite numerical basis. 

almost all roots, except those plants grown the greenhouse 
autoclaved soil, the mycorrhizal the phycomycetoid 
type distinguished Peyronel (6), bearing typical arbuscules and vesicles 
(Plate Figs. and 3), and already observed the roots large number 
species plants varied affinities other workers and more particularly 
the case strawberry Jones (3), Plakidas (7), O’Brien and Naughton 
(5) and probably White (11, 12), has been found more frequently and 
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consistently than any other organism. has never been observed deeper than 
the endodermis the cortical tissues very young adventitious roots, but 
has been observed great abundance the same tissues the finer absorb- 
ing laterals. Individual hyphal strands and small wefts mycelium appar- 
ently loosely attached the surface roots but traceable the internal 
tissues suggest the ability the endophyte develop outside plant tissue. 
Vesicles and mycelium have been observed equal abundance specimens 
four varieties collected from various plantations over period ranging 
from May November, but mycelium alone was noted roots obtained 
January. The profusely branched arbuscules (haustoria) showing dichotomy 
the extremities the finer branches have been observed much less fre- 
quently than the vesicles. The fungus occurs commonly rootlets which 
exhibit macroscopic evidence disease those which show discolor- 
ation and necrosis tissue. distortion such reported O’Brien and 
(5) has been noted rootlets which the endophyte was 
especially abundant (Plate Fig. 1). The fungus has not been observed 
the stolons plants with badly diseased roots. 

Among the fungi, representatives the genus Rhizoctonia, some ecto- 
trophic, others endotrophic habit, were noted second frequency and 
consistency occurrence. forms produce the root tissues 
(i) mycelial complexes which vary size and resemble sclerotia, and (ii) 
monilioid chains resembling chains conidia. Two forms which were obtained 
the isolations from diseased roots, produce addition, culture, peculiar 
coils skeins mycelium. These two forms the endophyte, morphologic- 
ally very similar one another, belong the orchid type mycorrhiza 
and resemble very closely (i) repens, which according Rayner 
(8, 89) was isolated from number genera orchids Bernard 
1909, who illustrated the chains conidia-like segments and coils mycelium 
and (ii) the form Rhizoctonia which, also according 
Rayner (8, 251) was isolated from wheat Peyronel 1924. Ectophytic 
forms Rhizoctonia growing profusely over the surface rootlets (Plate 
Fig. were observed many instances. 

Resting spores (Plate Fig. were quite 
commonly observed and the spherical, smooth walled spores some member 
the (Plate Fig. were occasionally noted diseased 
rootlets plants obtained the field during May and June grown the 
greenhouse soil collected June. Olpidiaster was consistently more 
abundant the more severely diseased rootlets. During the later summer 
and fall the fungus was noted few isolated instances only. Peyronel (6) 
reported that radicis was frequently encountered, both healthy 
and decayed roots almost the numerous plants examined, and the 
organism appeared quite constant associate these plants 
phycomycetoid endophytes and those the Rhizoctonia type. 

Mycelium and spores Pythium were noted abundance the region 
lesions rootlets plants obtained the field during September and 
early November. 
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Fic. Longitudinal section fine absorbing rootlet strawberry heavily infected with 
phycomycetoid type ‘‘endotrophic mycorrhizal Note abundance vesicles 
Fic. Longitudinal section infected root showing vesicles and mycelium 300). 
Vesicle thick wall and contents 300). Fic.4. Resting spores Olpidiaster 
tissues diseased rootlet 300). Fic. some member the Plasmo- 
diophoraceae tissue diseased rootlet 300). Crushed portion very young 
lateral showing nematodes discolored area 70). FiG. Rhizoctonia growing surface 
fine absorbing rootlet 70). 
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single instance there was observed the rootlet plant collected 
the field June distinct acervulus, conidiophores arising from which 
were borne two-celled spores, the distal cell each spore being typically 
rostrate. shape and size the spores correspond closely the conidia 
Diplocarpon earliana described Wolf (13) 1926, suggest that 
this fungus, which the present has been reported only the foliage 
and inflorescence the strawberry, also occurs the roots that plant. 


one preparation, seven spores Ramularia were observed scattered 
the surface rootlet, this being the only definite, microscopic evidence 
the presence the fungus which, next Fusarium, has been isolated most 
frequently from strawberry roots. 

Nematodes have been observed strawberry roots more frequently and 
consistently than any other organism, except the phycomycetoid endophyte 
(Plate Fig. 6). Whereas the endophyte has been found many roots 
which showed macroscopic evidence disease, nematodes have been 
observed almost without exception root tissues which showed definite 
discoloration and more less necrosis tissue. such tissue and especially 
what appeared incipient lesions, nematodes alone have been observed 
many cases, the evidence suggesting that the diseased condition the 
root could attributed directly their presence. Rootlets heavily infested 
with nematodes showed malformations the nature knots other 
enlargements. Nematodes have never been observed the roots plants 
grown the greenhouse autoclaved soil, but they have been noted occa- 
sionally small numbers what appeared healthy roots field and 
greenhouse specimens, the latter grown soil obtained from plantations 
where root rot had been severe. 


Greenhouse Experiments, 1933 


The occurrence lesions young and otherwise healthy adventitious and 
fibrous roots and the presence the larger surviving laterals large numbers 
rotted attesting the destruction finer laterals after their form- 
ation (the disease first manifesting itself the roots plants), together 
with the evidence adduced from cytological studies of, and isolations from, 
roots affected plants, strongly suggest that the disease caused one 
more soil organisms. Additional evidence was sought series preliminary 
experiments carried out the greenhouse. 

May, 1933, apparently healthy plants, variety Glen Mary, growing 
the outside plots the laboratory, were transferred 9-in. pots the green- 
house. Runners from these plants were allowed strike autoclaved com- 
post soil 7-in. pots. After the runners had become established they were 
detached from the parent plants and kept under observation. Without 
exception, healthy vigorous plants developed. microscopic examination 
their roots organisms could found and when rootlets, following careful 
washing sterile water, were transferred plates nutrient medium, the 
plantings yielded growth organisms, except bacteria few instances. 
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Fic. Eighty-three-day-old, genetically identical runner plants, variety Glen Mary, the 
one (left) grown autoclaved the other (right) grown soil obtained from plantation 
where the disease was severe Fifty-three-day-old runner plant from healthy 
parent, variety.Glen Mary, grown autoclaved soil. Runner plant from parent grown 
for days soil obtained from plantation where the disease was severe. Runner plant 
from parent grown for days autoclaved 
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Towards the end June the daughter plants were turn producing runners. 
June 27, the most vigorous plants, each producing pair runners 
approximately the same age, were selected. One runner from given 
plant was trained over autoclaved compost soil 7-in. pot, while the other 
runner from the same parent was trained over soil obtained June from 
plantation where the most severe and typical case root rot the district 
had been encountered. Experiments exactly similar the above but in- 
volving soils collected July and September, were carried out later the 
growing season. There was thus established the greenhouse population 
consisting pairs plants, one component each genetically identical 
pair growing sterilized soil, the other naturally infested soil. 

The results obtained all three series experiments have been remarkably 
uniform. Almost without exception there has been marked contrast between 
plants grown sterile soil 
and those grown natur- 
ally infested soil. The 
former have remained 
healthy, vigorous plants 
with well developed tops 
(Fig. left) and root 
systems (Fig. 10, upper), 
and exhibit remarkable 
capacity for blossom and 
stolon formation. The 
latter plants, the other 
hand, have the appearance 
plants. 
Their tops are stunted 
(Fig. right) and their 
root systems are more 
less diseased and deficient 
the finer absorbing 
laterals (Fig. 10, lower). 
They exhibit very limited 
capacity for blossom and 
stolon formation. Their 
foliage, though dwarfed 
and certain stages 
slightly lighter color 
than that plants grown 
autoclaved soil, exhibits 
other alteration habit 
symmetry. date, six 


the plants grown the Fic. 10. Root systems forty-four-day-old, genetically 


infested soil have died and runner plants, Glen Mary, the one 
grown autoclaved the other (lower) grown 
appears that anumber from plantation where the disease was severe. 
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others cannot survive much longer. Nematodes and the varied fungous 
flora recorded earlier the present paper were found abundance, constantly 
associated with the diseased condition the roots these plants grown 
the infested soil. Careful microscopic examination the roots plants 
grown autoclaved soil has never presence any organism, 
and plantings from them nutrient media have yielded bacteria only. 
The latter plants have matured fruit without the 
being present their roots. 


determine whether the disease could transmitted through the stolon 
the runner progeny, the following experiment was carried out. Fifteen 
the plants, which various times throughout the growing 
season did produce stolons, were selected and the latter were trained over 
autoclaved compost soil. All runners developed into vigorous, healthy 
plants (Fig. the roots which has far been impossible demonstrate 
the presence any organism. 


Discussion 


Although the investigations date have not progressed appreciably beyond 
the stages preliminary survey, the evidence which has already been 
adduced regarded being sufficient warrant the view that fungi 
particular, and possibly nematodes, are two the more important members 
complex factors responsible for strawberry root rot. Isolations from 
carefully selected material have yielded representatives approximately 
different genera fungi, ranging frequency occurrence from 0.4% 
the case Gliocladium 32.7% the case Fusarium. Representatives 
the genera Fusarium, Ramularia and Pythium have been isolated most 
frequently and consistently from typically diseased roots but, the results 
infection experiments involving these and other genera are not yet available, 
impossible the moment evaluate the significance their association 
with the diseased condition the roots from which they were isolated. 
may pointed out that the fungi isolated include Cylindrocladium and 
Helminthosporium, representatives which genera apparently have not 
heretofore been isolated from Fragaria spp. 


was noted the laboratory when strain differences several the 
genera mentioned above were being investigated, that certain the strains 
Ramularia differed markedly their temperature requirements, not only 
from one another but from certain strains other genera, particularly 
and Fusarium. was noted the field that after particularly 
heavy rainfall (1.19 in.) June 1933, unusually high temper- 
atures for several days (82.2° mean maximum temperature for three 
days), severe outbreak root rot occurred particular plantation where 
previously there had not been sufficient disease attract attention. These 
observations and others confirmatory nature would suggest that many 
possible factors involved the occurrence the disease, the two variables, 
temperature and moisture, are means the least important and that 
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infection experiments, particularly, these two factors should receive careful 
consideration reliable data pathogenicity are obtained. 


interest the present studies has been the discovery the almost 
universal occurrence the roots strawberries, two fungi, one, the 
characteristic phycomycetoid type producing arbuscules and vesicles, the 
other, the Rhizoctonia type familiar orchids. The former type has been 
observed much more consistently and abundantly than the latter. num- 
ber instances both types have been found the tissues the same rootlet. 
least three strains the Rhizoctonia type have been isolated from diseased 
rootlets, but all efforts culture the phycomycetoid type have been far 
unsuccessful. According Rayner (8, pp. Peyronel 1924 pub- 
lished long list species plants including the strawberry, distributed 
among families, which had found both types organisms. His 
observations led him conclude that majority 
mycorrhizal plants composite character and that two distinct stages 
infection may recognized; earlier phase depending upon invasion 
the phycomycetoid type and later phase which organism the 
Rhizoctonia type also present. isolated the endophyte the orchid- 
aceous type from the roots many plants including cereals, potato, tobacco 
and vine but did not succeed culturing the endophyte with arbuscules 
and vesicles. addition Peyronel other workers both America and 
Europe who have observed include Jones (3), White 
(11, 12), O’Brien and (5) and Plakidas (7) all whom, how- 
ever, appear have noted only the phycomycetoid type endophyte. 
None these workers, with the possible exception White (12), have suc- 
ceeded obtaining the endophyte pure culture. 


With regard the relation the phycomycetoid type endophyte 
pathological conditions the strawberry, O’Brien and M’Naughton (5), 
the strength historical, mycological and field evidence but without having 
cultured the organism, conclude not only that the endophyte definite 
parasite but also that the primary and underlying cause the general 
disease known ‘‘root affecting strawberries throughout Great 
Britain. They regard the so-called ‘‘Lanarkshire strawberry 
representing this trouble its most serious form. their opinion the 
endotrophic mycorrhiza paves the way for the entry secondary fungi and 
bacteria, which under certain conditions, may invade the weakened root 
tissues and intensify the disease. Plakidas (7) his investigations the 
cause strawberry xanthosis examined the roots large number plants, 
both healthy and diseased. both found almost invariably what ap- 
peared mycorrhizal fungus identical with that which Jones (3) had 
observed the roots strawberry and many other plants. Plakidas notes 
that roots appear perfectly normal externally and lesions occur 
the tissues which the fungus made attempt isolate 
the fungus since was assured that bore causal relationship xanthosis. 
the present time impossible express opinion the relation 
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pathological conditions roots the strawberry the 
Niagara peninsula. However, the killing cells the cortical region together 
with the disappearance the contents other cells the same region 
roots heavily infected with the phycomycetoid type endophyte, revealed 
microscopic examination, suggests parasitic rather than symbiotic 
relationship. The latter type endophyte has been found (i) the roots 
wild strawberry growing virgin soil, (ii) the roots the healthiest 
plants that could found certain few plantations where indications the 
presence root rot could not found, and (iii) the roots plants obtained 
from plantations where the disease was present, the specimens examined 
including plants showing various stages the disease. brief, the fungus 
has been found almost invariably all plants examined except those grown 
autoclaved soil the greenhouse. The latter appear have benefited 
when protected from root infection sterilization the soil before planting. 
Even the endophyte were responsible for the diseased condition loss 
the finer absorbing laterals, the occurrence lesions otherwise healthy 
and functional adventitious roots remains accounted for. The organism 
has been observed the latter only very early stages their development. 


The abundance and consistency the occurrence nematodes definitely 
within the tissues diseased rootlets, and many cases the apparent absence 
from such tissues any other organism, render imperative regard them 
tentatively least bearing possible important causal relationship 
strawberry root rot. 

connection with the greenhouse experiments, several reasons may 
advanced account for the striking and consistent difference that exists 
between genetically identical plants grown, the one hand, autoclaved 


soil and, the other, soil obtained from plantations where the disease 
was severe. has been known for long time that sterilization soil 
some way results its increased fertility. might one reason why 
plants grown the autoclaved soil are more vigorous and healthy than those 
grown the non-sterilized soil. But, the case the latter plants, while 
lack soil fertility might held accountable for limitations their general 
development, with perhaps consequent increased predisposition attack 
parasitic organisms, does not account for the actual occurrence 
lesions the rootlets young runner plants and for the later more general 
diseased condition their root systems. While the evidence strongly suggests 


that soil organisms are primarily responsible for the condition 


these plants, not considered impossible that other agencies capable 
inducing contributing the same general symptomatological picture 
may involved. 
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and developed leaves kept sea water the laboratory. The fungus will 
described and illustrated and will compared with related species the 
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STUDIES THE DISTRIBUTION MOLYBDENUM 
BIOLOGICAL MATERIAL 


SPECTROGRAPHIC STUDY THE OCCURRENCE MOLYBDENUM 
PLANTS GROWN THE PROVINCE 


Abstract 


Molybdenum, identified spectrographically the lines 3902.9A, 3864.1A, 


3798.3A, 3170.3A, and 3132.6A, was found present 
vetch, alfalfa, alsike, red clover, timothy, goldenrod, reed canary grass, 
field corn stalks, Canada thistle, ragweed, celery, beets and carrots grown 
farm Jacques Cartier county, Quebec. Molybdenum could not detected 
the soil which the plants grew. 

Molybdenum was not found vetch plants grown several farms Brome, 
Compton and Sherbrooke counties; nor timothy, alsike clover red clover 
grown farm Brome county; nor lettuce, celery. cabbage, beets and 
carrots grown two different muck soils the St. Lawrence River valley, 
Huntingdon county. 

The farm Jacques Cartier county lies the Ottawa River valley drainage 
basin, the other farms not. Known deposits molybdenum occur the 
Ottawa River valley. 


Introduction 


Many attempts have been made determine which elements are neces- 
sary for life, and result the investigations generally agreed that 
certain elements must present before normal growth can take place. 
Whether not some other elements, among which molybdenum, are 
essential, somewhat uncertain. This lack knowledge due largely 
the inadequacy the methods available for their detection very minute 
quantities. The present study deals with the occurrence molybdenum 
plants grown region the Province Quebec. 


Historical 


Molybdenum not found free nature. Molybdenite, was known 
to, and used by, the ancient Greeks but was not until 1782 that Hjelm (9) 
isolated the metal. Molybdenum relatively scarce the earth’s crust, 
being present, estimated, the extent about 


Jorissen (8) found molybdenum the flue dust from burned Liége coal. 
Molybdenum was reported present the ash trees Demarcay 
(5) who made aqueous extract the ash and examined spectrographically 
the precipitate obtained means hydrogen sulphide. Molybdenum was 
identified strong lines the ultra-violet the neighborhood 
identification that leaves much desired. Bardet (1) reported 
molybdenum present sea water, and Cornec (4) made spectro- 
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dion, 


graphic study the group precipitates obtained from aqueous and acid 
extracts about three kgm. ash from Laminaria. reported molybdenum 
present but gave details the method analysis. Steiner (14) 
reported the presence molybdenum mineral water and determined its 
concentration 0.8 mgm. molybdic oxide per litre, using colorimetric 
method based the reaction molybdate ion with tannin. ter Meulen (10) 
published very extensive piece work the occurrence molybdenum 
wide variety biological products including soils, plants, animal organs, 
mineral waters, coal ash and petroleum. the case the coal ash kgm. 
was used make the test and from this 251 mgm. molybdic oxide was 
obtained. The quantitative determinations were based colorimetric 
method involving the color developed when sodium sulpho-molybdate 
boiled with ammonium chloride. The author admits that the errors the 
colorimetric method are relatively large, and view the fact that the final 
analysis based the product obtained chemical separation minute 
amounts material the presence large amounts other elements, 
more than probable that the quantities recorded are much lower than they 
ought be. later paper (11) reports the occurrence molybdenum 
dried algae, although was unable find molybdenum litres 
sea water. 


Ramage (13), using spectroscopic methods, reports molybdenum present 
the flue dust from Yorkshire coal the Norwich Gas Works. 

The role molybdenum soil biology has claimed some attention. 
Bortels (2) reported that the growth Azotobacter chroococcum nitrogen- 
free medium was stimulated the addition sodium molybdate. 


Forjaz (12, 829) claimed that the soil elements active nitrogen fixation 
are molybdenum, nickel and cobalt. based this deduction the differ- 
ence the spectrographic analyses the ashes from the roots and nodules 
Lupinum luteus, the elements being present the nodules but not the roots. 
critical examination the data recorded leads the conclusion that the 
elements were not properly identified. details were given show how 
the wave-lengths were measured, nor indicate the accuracy the measure- 
ments. The fact that the most sensitive spark lines nickel were not found 
would indicate that the lines listed are not really nickel lines. The same 
true molybdenum. None the recognized spark raies ultimes molyb- 
denum are listed, while number weak molybdenum spark lines are 
recorded. 


Burch-Herschfeld (3), studying the influence molybdenum and soil 
extract the nitrogen assimilation Azotobacter chroococcum, found that 
soil extract and sodium molybdate separately increase nitrogen fixation but 
combination the effect slightly less than that either alone. The 
molybdenum does not increase the rate vegetative growth the soil. 
The ash the soil extracts has the same effect molybdenum. Goldschmidt 
and Peters (7) found molybdenum the ash from coal, shale and peat from 
Germany and England. 
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Types and Sources Samples Used the Present Study 


Source the Samples 


Seven specimens wild blue vetch, one common red clover, one 
timothy, and one alsike clover were collected 1931 from farms Brome, 


Compton and Sherbrooke counties. 


NEW YORK VERMONT 


Map the southern part the province Quebec—Black circles indicate known molybdenum 
occurrences. Open circles show the general locations from which soil and plant samples were 


Wild blue vetch was collected from the 1931 and the 1932 crops grown 
the muck and clay soils farm Jacques Cartier county, just above the 
junction the Ottawa and the St. Lawrence rivers. Specimens alfalfa, 
common red clover, timothy and alsike clover were also collected. 1932, 


TABLE 


SOURCES AND TYPES SOILS STUDIED 


Type soil Source 


Appalachian upland region 


Virgin upland podsol Foster, Brome county, 
Quebec 

Virgin upland podsol Mansonville, Brome county, 
Quebec 

Virgin brown forest Sutton, Brome county, 
Quebec 

Virgin brown forest Knowlton, Brome county, 
Quebec 


Ottawa River valley 


Virgin lowland muck St. Anne Bellevue, Jacques 
swamp Cartier county, Quebec 


reed canary grass, field corn 
stalks, Canada thistle, golden- 
rod and ragweed, and 1933, 
celery, beets and carrots were 
obtained from the muck soil. 


From Huntingdon county, 
the St. Lawrence River, 
about miles west the 
Ottawa-St. Lawrence con- 
fluence, carrots, beets, lettuce, 
celery and cabbage were 


from two muck soils 


1933. 


Five specimens soil, sur- 
face soil and subsoil, were 
obtained from 
shown Table 
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all cases the sample taken included more than one plant; never fewer than 
six plants, and most cases, more were used. Only the roots the 
beets and carrots, and only the tops (stems, leaves and floral parts) the 
other plants, were tested. The soils examined were those which plants 
collected were actually growing. Approximately five-pound samples were 
collected from surface soils depth in., and from subsoils between 
depths and in. 


Analytical Procedures 


Preparing the Samples 

When collected the field the plants were placed paper bags and brought 
the laboratory. The samples vetch, alfalfa, alsike, red clover, timothy, 
goldenrod, reed canary grass, field corn stalks, Canada thistle and ragweed 
were then dried fume-free atmosphere. These dried plants were cut 
Wiley laboratory mill until they would pass screen with 0.5 mm. 
meshes, prior ashing. All the beets, cabbage, carrots, celery and lettuce 
plants sampled were, while fresh, cut with stainless steel knives, placed 
platinum dishes and dried constant weight electric oven, prior 
ashing. the laboratory the soil samples were air dried and then pulverized, 
using iron mortar and pestle. 


Ashing Equipment 

Fig. shows the equipment used for ashing the specimens, together with 
the apparatus employed the purification the graphite electrodes. The 
glassware Pyrex. 


Fic. and graphite purification equipment. 


Water 
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Two types ashing equipment are shown. No. made one piece, 
while Nos. and are made several pieces connected means standard 
ground glass joints. Both types consist essentially glass hood which 
rests ground Pyrex glass plate which hole cut the size the 
platinum basin. funnel sealed into the top the hood permit 
atmosphere oxygen maintained during the ashing process. variable 
resistance placed series with the nichrome heating unit, while the last 
three heaters are connected parallel through the same resistance. 


Ashing the Specimen 

Approximately gm. the specimen was weighed into clean platinum 
basin which was placed the hole the Pyrex plate. The glass hood was 
separated from the plate fine platinum wire prevent the cementing 
the hood the plate the tarry distillate during the early part the 
ashing. The resistance was adjusted that the platinum basin never showed 
the faintest trace red during ashing. The oxygen was bubbled through 
distilled water, then passed through tower absorbent cotton. When the 
destructive distillation had ceased the basin was allowed cool, the mass 
broken with agate pestle and the ashing was then continued until the 
ash was white. attempt was made continue the ashing until constant 
weight was obtained. 


Purifying the Graphite 

Acheson in. spectroscopic graphite was cut into appropriate lengths 
(approximately in.) and the face machined. ‘They were arced for few 
minutes render the surface more porous, then refluxed with sulphuric acid 
(1-1) for hr. Part the acid was replaced with water and finally the 
graphite was refluxed with many portions distilled water. The graphite, 
before use, was placed platinum triangle and heated bright redness 
drive off any traces water, etc., that may have been left. 

Graphite thus prepared shows negligible traces sodium, magnesium, 
silicon and boron only, when arced for min. amp., using con- 
densing lens. 


Preparation Silver Electrodes 


Silver rods high purity, in. diameter, were obtained from Messrs. 


Handy and Harmon, Bridgeport, Conn. The rods were cut into pieces usually 
in. long and the faces machined. These pieces were then heated con- 
centrated hydrochloric acid, well washed with water, the tips only immersed 
momentarily hot nitric acid (1-1) and well washed with distilled water. 
The two last-mentioned operations were repeated several times. The water 
was then shaken off the surface and the metal mounted the electrode 
holders. 


Arc Stand 


Fig. shows the arc stand used. The base, cast iron, bolted the 
head the machine lathe slide rest and levelled means the set screw 
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The uprights and the left- and right-handed screw and nuts are Monel 
metal; the electrode holders are invar. The insulation material bakelite 
and transite lumber, and the bushings are phosphor bronze. The driving 
tube mounted ball 
bearings. The combination 
pulley and radiator 
duralumin. 

Horizontal adjustments 
may made two direc- 
tions and the vertical ad- 
justment carried out 
loosening the thumb screws 
Band lifting the required 
height when the screws are 
again tightened. 


The electrodes are 
clamped the holders 
the screws and the elec- 
trodes are automatically 
centered having each 
them project equal 
distance from the holder. 


Fic. The arc stand. 


Making the Spectrograms 


The electrodes having been satisfactorily lined with respect the 
spectrograph, control exposure the electrodes was made using the top 
opening the Hartmann diaphragm. The arc was operated 220 volts d.c., 
using amp., the length the arc being mm., min. exposure the 
photographic plate, Eastman 33, being given. The arc having been ex- 
tinguished, mgm. the ash examined was weighed into the platinum 
weighing scoop. The ash was transferred the lower, positive, pole and the 
arc again struck with another electrode held ordinary spring clothes 
min. exposure was given through the middle opening the Hart- 
mann diaphragm. Fresh electrodes were placed the holders, the diaphragm 
was moved over until the slit was exposed through the bottom opening, 
trace ammonium molybdate was added the lower electrode, and the arc 
was struck. The plate was developed, using Eastman developer fixed, 
washed and dried. 

Silver electrodes were used for the region 3250A 8600A, while graphite 
electrodes were used the region 3300A. 


Identification Molybdenum 


line spectrum identified its wave-length. The precision neces- 
sary such measurement significant usually not attainable with 
the type spectrograph used for analytical purposes. The method com- 
monly employed make spectrograms the unknown and the element 
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being sought some method similar that just described. the element 
sought present the unknown then there will be, depending the quantity 
present, line series lines common both spectrograms. does not 
necessarily follow, because such state affairs found, that the identifi- 
cation can complete. Coincidences due the presence 
elements with complex spectra, iron, etc., may expected. There are 
large number lines the molybdenum spectrum but the quantity 
molybdenum used decreased fewer lines are seen, until when only very 
minute quantity present, only the following lines remain, —3902.96A, 
3864.12A and 3798.26A. These are the lines first sought. But the specimens 
contain appreciable amount iron and two iron lines are 
and 3798.51A. With the type spectrograph employed the present 
investigation, Hilger E1, the dispersion this region not sufficiently 
great enable the molybdenum lines 3902.96A and 3798.26A differ- 
entiated from the iron lines under certain circumstances. When the iron 
content low and the molybdenum content relatively high there 
necessity for such differentiation, but where the iron content high and the 
molybdenum low these lines cannot then depends 
the line 3864.12A. 

Where only traces molybdenum are present the problem still further 
complicated the fact that the so-called cyanogen bands are very pro- 
nounced this spectral region. graphite electrodes are employed relatively 
short exposures must given reduce the band structure minimum, 
and this results decreased sensitivity. the other hand, metallic electrodes 
can used but again the cyanogen bands are found, owing the carbon 
dioxide and nitrogen the air, although very much reduced intensity 
when compared with graphite. There are other molybdenum lines that are 
quite sensitive, 3193.98A, 3170.35A, 3158.16A and 3132.60A, and region 
free from carbon bands, but again the identification complicated the 
presence band structure when traces only are being sought. 

the samples grown Jacques Cartier county both sets lines were 
found that difficulty was experienced identifying molybdenum, but 
the case the other specimens failure find the line using 
silver electrodes, was taken indication the absence molybdenum 
within the limits the sensitivity the test. 


Results 
The following plants grown farm Jacques Cartier county were found 
contain molybdenum: Vetch (crop 1930 and 1931), field corn stalks, 
red clover, Canada thistle, timothy, ragweed, alfalfa, celery, alsike, beets, 
goldenrod, carrots, reed canary grass and clay soil. 
Molybdenum was not found any the other plant specimens examined, 
nor was found any the soils. 


Discussion 
Although molybdenum could not demonstrated either the subsoil 
the surface soil the Jacques Cartier county muck, yet wide variety 
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PLATE 


Fig. 


3798.26A 
Fig. 


Fic. and spectrogram ash soil from Jacques Cartier county, Que.—A, muck 
silver; and spectrograms ash vetch grown in—(B), muck soil, Jacques Cartier 
county, Que.; (C), Brome county, Que.; (D), Clay soil, Jacques Cartier county, Que.; (E), 
spectrogram molybdenum. and spectrograms ash red clover grown in— 
Brome county, Que.; (B), muck Jacques Cartier county, Que.; (C), spectrogram 
grown muck soil, Jacques Cartier county, Que.; Brome county, Que.; (D), clay soil, 
Jacques Cartier county, Que.; spectrogram molybdenum. and spectrograms 
timothy grown muck soil, Jacques Cartier county, Que.; (B), Brome county, 
Que.; (C), spectrogram molybdenum. 
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MOLYBDENUM PLANTS GROWN QUEBEC 


plants grown that soil contained appreciable quantities molybdenum. 
The molybdenum must have been present the soil solution and the question 
naturally arises where, and what, was the origin the molybdenum. 


The molybdenum may have been present the rock originally occupying 
the site may have been carried there water from source higher 
altitude. The latter the more probable explanation the farm question 
the Ottawa River valley and the Ottawa River drains large area 
which molybdenum was mined during the Great War. Quebec this region 
lies the main between the towns Waltham the west and north and 
Buckingham the east and south, with several known deposits somewhat 
north Maniwaki. Ontario the known deposits lie between Pembroke 
the west and north and Smith’s Falls the east and south. This general 
zone molybdenum occurrence pre-Cambrian igneous metamorphosed 
rocks bounded roughly the west Ontario the Muskoka lakes 
district and the east Quebec the valley the Gatineau River, 
tributary the Ottawa River (6). 


There are two reported occurrences molybdenum Megantic county, 
Quebec, amorphous rocks the Appalachian mountain region miles 
north the area which the samples from the Appalachian region reported 
this article were taken. The drainage away from the region which 
the specimens were collected. 


The results the investigations the occurrence molybdenum 
animals will appear elsewhere shortly. 
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ADDITION REACTIONS VINYL PHENYL KETONE 
IV. TRIMOLECULAR 
Abstract 


Methyl cyanoacetate, cyanoacetamide, and malonitrile readily add vinyl 
phenyl ketone give trimolecular products, while nitromethane gives sub- 
stance composed one molecule nitro compound and three molecules 
unsaturated ketone. The reactions the delta ketonic nitrile formed from 
the ester are described detail; transformed into reduced pyridine 
derivatives, and secondary open chain nitrile. The latter, turn, con- 
verted into pyridine and hydropyridine derivatives. 


the earlier papers this series, the bimolecular addition products 
formed the addition phenylnitromethane (2), desoxybenzoin (1), and 
methyl malonate (3) vinyl phenyl ketone were described. The first tri- 
molecular product was encountered with methyl malonate, but did not 
interfere with the main problem. many cases, however, the only products 
that can obtained are those composed two molecules ketone and one 
addend. This would indicate that the primary addition product more 
active than the original addend; confirmation, even when the latter used 
solvent, the substance found the trimolecular product; 


the homologous series starting with benzalacetophenone, the same phe- 
nomenon encountered, but less extent, since the primary addition 
product can isolated good yields almost every instance. The differ- 
ence, doubtless, may attributed the effect the phenyl group the 
beta carbon this series. 

this paper will described the products resulting from the addition 
methyl cyanoacetate, cyanoacetamide, malonitrile, and nitromethane vinyl 
ketone. 

The methyl cyanoacetate addition product delta ketonic nitrile, and 
differs from those (II) previously described the location the substituent 
groups, having only hydrogen atoms the beta carbon atom, and hydrogen 


RCHCN 


atom the alpha carbon. 
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ADDITION REACTIONS VINYL PHENYL KETONE 


The two characteristic reactions delta ketonic nitriles the forma- 
ation tetrahydropyridine derivatives the action mineral acids, and 
(b) the production 2-halopyridines when treated with halogens. Various 
intermediate products are known both series and the mechanism clear. 

The ester-nitrile converted ester-amide when treated 
with hydrogen bromide the usual manner. When the operation con- 
ducted chloroform solution, the substance which separates has the proper- 
ties (V); very easily hydrolyzed the amide (IV). 
The latter the end-product acetic acid employed solvent, but 
this case, interrupting the process, third substance can isolated. 
Analysis indicates that the latter dehydration product the 
bromide’’; contains one double bond, and can converted easily the 
amide ‘‘imide For these reasons, the substance best repre- 
sented the dihydropyridine (VI). There evidence that either these 
substances intermediate the formation the amide, but the relation 
between them can indicated follows: 


ROOCCCN ROOCC—C=NH 

(V) 

(IV) 


The ester-amide could hydrolyzed acid amide, but efforts prepare 
the known ester (3) were unsuccessful; this respect the behavior resembles 
that other tertiary amides. 

Since the formation bromopyridine requires the presence hydrogen 
atom the alpha carbon, was not interest brominate the addition 
product. The secondary nitrile (III) derived from it, however, readily gave 
2-bromopyridine (VII) when treated the usual manner. was im- 
possible stop the reaction until two molecules bromine had been used 
up, one which entered the side chain. Both atoms bromine are removed 
sodium alcoholates, but potassium acetate takes out only one, presumably 


alpha the carbonyl group, since other 2-bromopyridines are unaffected 
this reagent. 


CH:CHBrCOC,H; 


The replacement (Formula II) hydrogen, therefore, does not make 
any difference the result bromination. 
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The secondary nitrile was isomerized the tetrahydropyridine (VIII) 
concentrated sulphuric acid, but other acidic reagents brought about 
dimerization. The dimer contains nitrogen, not acidic, and does not 
decolorize bromine; its structure was not determined, but may correspond 
that the obtained from acetonitrile (4). 
evidence dimerization has been previously encountered the reactions 
delta ketonic nitriles, this instance may related the lack 
substituent group the beta carbon 
does not dimerize. This would tend exclude such 
explanation. However, this nitrile has long aliphatic side chain, which 
allows other possibilities and may involved the process. 

The addition products (IX), (X), from cyanoacetamide and malonitrile 
were not studied detail. The action nitromethane was novel and unex- 
pected—a product” (XI) resulted. Evidently the interme- 
diate addition products are still active enough act again addends. 
The tertiary nitro compound relatively inactive and uninteresting. 
insoluble alkalies would expected. 


NC—C—CN 
(X) (XI) 
Experimental 


The Addition Products 

Methyl 1,5-dibenzoyl-3-cyanopentane-3-carboxylate (I). solution 
hot alcohol, from which the salt had been filtered, was added gm. 
methyl cyanoacetate, and, after making permanently alkaline moist 
litmus use strong sodium methylate solution, the mixture was refluxed 
for half hour. The addition product that separated after acidifying with 
acetic acid was filtered, washed with water, alcohol, and ether order The 
yield was 70% freshly prepared chloroketone had been used. The product 
sparingly soluble most the usual organic solvents, but separates from 
acetic acid fine needles, m.p. for 3.8%; 
mol. wt., 363. Found: 3.7, 3.7%; mol. wt., 387. 

The amount ester was varied until became the solvent for the reactants, 
without affecting the result. The disemicarbazone, obtained the usual 
manner, separated fine white powder, m.p. 220° with decomposition, 
insoluble the common solvents; was purified simply washing with 
alcohol. for 20.5%. Found: 20.0%. 

cedure, malonitrile was added vinyl phenyl ketone. addition the 
sodium methylate, gelatinous precipitate was formed. After half hour, 


points are corrected. 
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ADDITION REACTIONS VINYL PHENYL KETONE 


water was added and the precipitate filtered. formed glistening pointed rods 
from acetic acid, m.p. 215° C.; insoluble the common solvents. 
for 8.1%; mol. Found: mol. wt., 318. 

Ethyl 4-benzoylpyrazoline-5-carboxylate. This not trimolecular pro- 
duct but was prepared connection with the problem. solution 
vinyl ketone obtained from gm. gm. 
potassium acetate, and cc. methyl alcohol, was added gm. diazo- 
acetic ester, the mixture made faintly alkaline litmus, and refluxed for 
four hours. When poured into water formed gum, from which 0.25 gm. 
pyrazoline was isolated treatment with methyl alcohol. formed 
rosettes fine rods, m.p. Caled. for 63.5; 5.7%. 
Found: 63.1; This was the only procedure that gave anything 
definite; the use copper catalyst made difference. The pyrazoline 
decomposed 160° with much charring, and gave indeterminate products. 

d.* 1,5-Dibenzoyl-3-cyano-3-carbamylpentane From similar solution 
vinyl phenyl ketone and 2.2 gm. cyanoacetamide, made alkaline with 
sodium methylate and refluxed for hour, the addition product was isolated 
acidification. was recrystallized from acetone, and formed fine prisms, 
m.p. 200-201°C. Calcd. for 8.1%. Found: 8.0%. 
Neither changing the time heating nor using excess cyanoacetamide 
made any difference the result. 


Attempts add benzyl p-nitrobenzyl cyanides, and 
acetate vinyl phenyl ketone were unsuccessful. 


ketone (c) was added cc. nitromethane, the mixture made alkaline 
and refluxed for two hours. cooling, gm. the addition product 
separated. was crystallized from hot alcohol, from which separ- 
ated long narrow plates, m.p. insoluble sodium hydroxide 
solution and the moderately alcohol and ether, and dissolves 
easily other organic solvents. Calcd. for 3.1%; mol. wt., 
457. Found: 3.0%; mol. wt., 460. 

Action Hydrogen Bromide (I) 


Methyl 1,5-dibenzoyl-3-carbamylpentane-3-carboxylate (IV). suspen- 
sion gm. the nitrile cc. acetic acid was saturated with 
hydrogen bromide without cooling; the solid all dissolved. After hr. 
nearly quantitative yield the amide had separated; was filtered, and 
recrystallized from alcohol mixture. formed white 
needles that tended felt together, m.p. 224°C. The amide sparingly 
soluble acetic acid, practically insoluble ether, the Skelly-solves, benzene, 
and carbon tetrachloride, but dissolves easily chloroform. Calcd. for 

The experimental work this section was performed Dr. Wells. 

The term applies various fractions mixed hydrocarbons, marketed 
the Skelly Oil Company, and replaces the indefinite terms and each 


which needs accompanied boiling point range. Skelly-solve the one most commonly 
used the laboratory, has boiling point range 60-68° 
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Dehydration. suspension gm. each the amide and phosphorus 
pentoxide cc. dry xylene was refluxed for half hour, and the solu- 
tion decanted from the gum. cooling, needles the nitrile separated; 
m.p. mixed melting point, 143° 


Esterification. Attempts esterify the amide were unsuccessful; either 
reaction took place, else intractable oils resulted. one instance, 
solid containing nitrogen, insoluble alkali and not decolorizing bromine 
was obtained; had indefinite melting point, C., after repeated 
recrystallizations from two solvents. was soluble the usual solvents 
except the ethers. Found: 73.0, 73.0; 4.1%. 


1,5-Dibenzoyl-3-carbamylpentane-3-carboxylic acid. mixture gm. 
the ester amide, gm. potassium hydroxide, and 200 cc. water was boiled 
for min. and acidified with hydrochloric acid. The precipitate was filtered, 
and recrystallized from hot methyl alcohol; formed needles, m.p. 280° 
yield, 80%. titration, the alkali consumed corresponded molecular 
weight 363; calcd. for 367. 


duct (I) cc. chloroform was saturated with hydrogen bromide; after 
five hours the solid that had separated was filtered. could also isolated 
from the acetic acid solutions during the preparation the amide. Although 
does not evolve hydrogen bromide spontaneously, the latter was easily 
removed solution alcohol. insoluble chloroform, acetic acid, 
ether, and the Skelly-solves, but dissolves alcohol; the solution then 
deposits the above amide. The granular solid has melting point 165° 
with decomposition. Since could not purified, was analyzed for 
bromine shaking with excess standard alkali, followed titration. 
Calcd. for Br, 18.0%. Found: Br, 16.5%. 


Methyl 
(VI). The amide was filtered from acetic acid solution prepared 
(a) after four hours, and the filtrate poured into water. The precipitated 
gum soon hardened, was removed, and crystallized from chloroform and 
alcohol (small amounts from the alcohol alone). formed diamond- 
shaped plates, m.p. The bromopyridine insoluble ether, benzene, 
and carbon tetrachloride, but dissolved readily hot alcohol, 
acetic acid, chloroform, and acetone. Calcd. for 62.4; 
4.6; Br, 18.8%; mol. wt., 426. Found: 62.0, 62.3; 4.4, 5.0; 
Br, 18.5, 19.0%; mol. wt., 430. 


decolorizes bromine solution instantly. titration 96% the 
theoretical amount bromine was taken up. 


When the bromopyridine was dissolved acetic acid and the solution was 
saturated with hydrogen bromide, the above amide deposited during the 
course hr. The same procedure gave some the imide bromide, 
chloroform was used the solvent. 
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The Secondary Nitrile 


1,5-Dibenzoyl-3-cyanopentane-3-carboxylic acid. The nitrile was easily 
hydrolyzed this acid shaking ethereal solution the nitrile with moist 
sodium methylate, but was more conveniently obtained boiling for min. 
suspension gm. with 200 cc. water containing gm. potassium 
hydroxide. After filtering necessary, addition large excess hydro- 
chloric acid precipitated gum, which became crystalline after several hours. 
The yield was 74%. formed fine needles, m.p. 161° C., when recrystallized 


from dilute methyl alcohol. The molecular weight, found titration, was 
347 (caled., 349). 


Decarboxylation. The crude acid prepared above was heated 
200° until gas had practically ceased; cc. methyl alcohol 
was added dissolve the gummy residue, from which 1.8 gm. (45% yield) 
white solid was obtained. important heat for short time 
(III) moderately soluble hot 
alcohol, from which separates rosettes small rods, m.p. 100° C.; 
soluble chloroform and acetic acid, and recrystallizes unchanged from 
acetyl chloride. Calcd. for 4.6%. Found: 4.4%. 
the Grignard machine consumed three moles reagent and evolved one 
mole gas. 


Monosemicarbazone. When treated the usual manner, this diketone gave 
monosemicarbazone, insoluble most solvents; m.p., 202° with 
decomposition. Calcd. for 15.4%. Found: 15.6%. 


Action acids. When treated with hydrogen bromide acetic acid 
above, this nitrile dimerized; the product was insoluble alkali, and did not 
absorb bromine. separated from alcohol mixtures 
prisms, m.p. Found: 4.6%; mol. wt., 550. The same substance 
was formed when the nitrile was heated with concentrated hydrochloric acid 
sealed tube, when warming the water bath with 50% sulphuric 
acid. 

Concentrated sulphuric acid isomerized the nitrile the tetrahydropyridine 
(VIII). suspension gm. the nitrile and cc. sulphuric acid was 
stirred for hour—the solid slowly dissolved and the solution became 
dark red, changing green. The solution was then poured upon cracked 
ice and the precipitate extracted with chloroform, the extract treated the 
usual manner and the residual solid crystallized from chloroform. The yield 
was 70%; m.p. formed microscopic plates insoluble the ethers, 
but readily soluble hot carbon tetrachloride benzene, and also chloro- 
form, acetone, acetic acid, and ethyl acetate. Calcd. for 78.7; 
6.2%. Found: 78.8; 6.4%. 


decolorized bromine 
instantly—the solution soon evolved hydrogen bromide and left gum. 
Titration showed that one molecule was taken up. was converted 
red pseudo solid nitrous acid. 
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trace substance was isolated once only the previous procedure 
(concentrated sulphuric acid). did not decolorize bromine and was insoluble 
chloroform. crystallized from alcohol plates, m.p. 
Calcd. for 74.2; 6.5%. Found: 74.1; 6.2%. 


Action bromine. )-6-phenylpyridine 
(VII). The nitrile gm.) cc. acetic acid reacted rapidly with 
gm. 10% acetic acid solution bromine. After min. the mixture 
was poured into water containing little sodium bisulphite, and the organic 
product separated, dissolved chloroform, and worked the usual 
manner. the addition equal volume methyl alcohol and allowing 
the solution stand overnight, the bromopyridine separated large trans- 
parent six-sided plates, m.p. 151° second crop was obtained rework- 
ing the residues, the combined yield being nearly the theoretical. insoluble 
the Skelly-solves, sparingly soluble alcohol, but readily dissolves 
the other common solvents. Calcd. for 53.9; 3.5; 
Br, 35.4%. Found: 53.8; 3.8; Br, 35.3%. 


The bromine was completely removed alcoholic potash; potas- 
sium silver acetates removed only one bromine atom (found titration); 
both cases the organic product was intractable gum. 


The bromopyridine was readily oxidized permanganate chromic acid, 
but the only recognizable product was benzoic acid. When the oxidation was 
interrupted less reagent used, unchanged bromopyridine was found. 
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FURTHER INVESTIGATIONS CATALYSIS LIQUID 


Abstract 


more detailed examination has been made the kinetics the methanol 
decomposition solid and liquid zinc. The order the reaction lies between 
zero and one-half both solid and liquid. The heat activation approxi- 
mately 30,000 calories per gram molecule. The reaction mainly dehydro- 
genation. 

Unsuccessful attempts investigate certain other reactions liquid metals 
are described. 


Introduction 


previous paper (5) the decomposition methanol solid and liquid 
zinc was described. The absence discontinuity the rate reaction 
the melting point zinc pointed there being marked differences 
the mechanism catalysis solids and liquids. This cast some doubt 
those hypotheses which ascribe catalytic activity some one limited part 
the surface solid. 

Under the circumstances obviously desirable make more com- 
prehensive investigation catalysis liquid metals. The present paper 
deals with more detailed investigation the decomposition methanol 
zinc, together with number attempts investigate other reactions 
and other catalysts similar way. 


Experimental Procedure 


The method used was the same that previously described. sample 
the metal catalyst was introduced into Pyrex reaction vessel dis- 
tillation, some other way. The reaction vessel was connected 
capillary manometer, pumps, gauges, etc. Some the reactant was let 
into the evacuated reaction bulb, and the rate the reaction was inferred 
from the rate change pressure while the system was maintained 
constant volume. 

Experimental Results 


THE DECOMPOSITION METHANOL ZINC 


The Course the Reaction 
The methanol decomposition may proceed either dehydrogenation 
dehydration (4), 


The first reaction would lead 200% pressure increase, while the second 
not accompanied change pressure. 


Manuscript received April 19, 1934. 
from the Physical Chemistry Laboratory, McGill University, Montreal, 
Assistant Professor Chemistry, McGill University. 
Graduate Assistant Chemistry, McGill University. 
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Some pressure increases completion observed various temperatures 
and pressures were 142, 147, 147, 159, 128%. The reaction, therefore, pro- 
ceeds mainly dehydrogenation. The writers have used the time for 
the pressure increase 25%, measure the rate reaction. 


Some typical analyses 
the gaseous products 
the reaction are given 
seen that these confirm 


TABLE 


GASEOUS PRODUCTS THE METHANOL DECOMPOSITION 


Temp., 
Absorbed KOH 


the products the de- 
composition 
zinc are virtually the same those from the reaction liquid zinc. 


The products are similar those usually obtained from the pyrolysis 
methyl alcohol. Thus typical analysis (6) the products from the decom- 
position Pyrex bulb 570°C. is: CO, 34.6; 2.9; 61.5%; 
1.78. 


The Kinetics the Reaction 


rather difficult make accurate inferences regarding the kinetics 
the reaction, since the results are means highly reproducible. The 
main cause this lack reproducibility the variation the surface area 
the catalyst, due evaporation zinc the walls the bulb. After 
series runs often found that there appreciable deposit the 
walls either small crystals droplets zinc, depending the temper- 
ature the system. 


This evaporation the walls erratic, and depends (a) the presence 
temperature gradients along the furnace during heating cooling, and 
(b) the vacuum treatment, presence traces air, etc. often happens 
that given catalyst, maintained constant temperature, some 
runs will show excellent agreement. There will then sudden change 
the activity the catalyst, and the next runs will agree with one another 
but not with the first set. However, usually possible obtain definite 
indications the effect various factors the kinetics the process from 
groups consecutive runs. 


Series 


determine the effect alcohol concentration the rate, series 
runs were made 374° with varying pressures alcohol. The catalyst 
consisted zinc button having area about 3.0 was prepared 
distilling zinc shot which had been melted atmosphere hydrogen. 
was then left contact with hydrogen for hr. 500° 


TABLE 
Run Initial Run Initial 
no. min. no. press., cm. 


Too, Run Initial 
min. no. min. 


4.70 15.0 2.80 6.1 1.40 4.6 
10.20 28.0 6.45 10.5 7.60 12.2 
10.50 25.0 8.35 15.3 8.30 9.1 
10.65 23.8 10.45 15.0 7.80 
4.35 14.0 10.60 14.1 


The results are given Table II, and are plotted Fig. 


will seen from Fig. that the results fall into two groups, viz., Runs 
1-5, and 6-14. The variation rate with pressure approximately the same 


each group, but sharp change the 
activity (surface) the catalyst has 
occurred between Runs and 


Series 

The catalyst used was museum sample 
Pure Zinc’’ donated 
the Research Division the New Jersey 
Zinc Co. had been used previously for 
few runs with methyl alcohol, and with 
ethylene and hydrogen. was placed 
the reaction vessel without any purification. 
The surface area was about This 
series runs were made temperature 
374.5° The results are plotted 
Fig. 


Catalyst III was used 436° for 
about eight runs, and was then cooled 
374.5° for Series IV. The results are 
given Fig. 


From comparison Series II, and 
IV, apparent that the effect pressure 
the rate reaction approximately 
the same all cases. The results are not 
sufficiently reproducible enable exact 
calculation the order the reaction, but 
evidently lies between and 0.5. 


2 


24 


20 


Fic. Sertes 


minutes 


Fic. 


(2) 
| 12 
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Tas 


Fic. Series Fic. Series III 


Series III 

The catalyst was prepared distilla- 
tion. was removed, cleaned scraping, 
sealed into new reaction bulb, and used 
without reduction. runs were 
made 436.1° (above the melting point 
zinc). The data are plotted Fig. 


Series 

After Series III the catalyst was used 
(below the melting point) for 
Series IV, and then heated 436.1° 
again and used for Series The results 
are given Fig. 


Fic Series 


Taking Series III 


TABLE III 

THE EFFECT OF TEMPERATURE evident that the order 

the reaction 


case aredealing with 
solid, and the other 


pressure, 10.25 cm. 
case with liquid zinc, 


Series 


The catalyst was fresh sample Pure 
series runs were made different temperatures. The results are given 
Table III. 


plotted against the reciprocal the absolute temperature, good 
straight line obtained, from the slope which the heat activation 
found 30,900 calories per gram molecule. treat the data given 


4 
6 
a 
; 6 8 10 12 


the previous paper the same way, obtain 29,100 and 29,400 calories 
per gram molecule respectively from Figs. and Hence the mean value 
29,800 calories. 


One the best investigations the temperature coefficient the alcohol 
decomposition that Dohse (1) who worked with unimolecular layers 
zinc oxide catalysts. obtained 22,500 calories for the heat activation 
the first step the dehydrogenation, and 35,000 calories for the subsequent 
decomposition formaldehyde. The writers’ result for the over-all process 
therefore general agreement with his. There is, course, reason 
why the heats activation should identical different catalysts, but 
the general agreement indicates that the process proceeding normal 
way the writers’ catalysts. 


Discussion 

the previous paper was shown that there was abrupt change 
the rate decomposition methyl alcohol zinc the melting point 
the metal. Since all crystal imperfections, grain boundaries, etc., disappear 
melting, this observation throws considerable doubt those theories 
catalytic action which ascribe the activity the catalyst some one limited 
part the surface. 


The present investigation strengthens the conclusions previously drawn, 
since shows that not only there discontinuity rate the melting 
point the catalyst, but addition the kinetics the process and the 
products formed are fundamentally similar above and below the melting 
point. therefore very improbable that there any surface structure 
peculiar crystalline solids which responsible for catalytic activity 
general. is, course, possible that certain special cases the entire 
surface may not uniformly active. These conclusions are supported 
the recent work Maxted and his collaborators (2, 3). progressively 
poisoning platinum catalysts and determining the activation energies 
certain reactions the poisoned catalysts, they have demonstrated the 
“energetic the surface. 


II. OrHER REACTIONS METALS 


(a) The Hydrogen-Ethylene Reaction Zinc 


attempt was made investigate the hydrogen-ethylene reaction 
liquid zinc surface. The zinc was prepared the previous experiments 
with methyl alcohol. The surface area was about cm*. reaction was 


The main difficulty this work the necessity using very small 
this account impossible investigate reaction unless the catalyst 
extremely effective. result very few reactions can successfully 
investigated. This not due any lack efficiency characteristic the 
liquid state. Thus was found that sample smooth copper foil having 
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the same area the zinc sample used above was also incapable effecting 
any measurable hydrogenation ethylene. 


(b) Reactions Solid and Liquid Tin 

Attempts were made investigate the hydrogenation ethylene and the 
decomposition methanol tin. each case the catalytic reaction was 
negligible temperatures which either heterogeneous reaction 
the Pyrex walls, homogeneous reaction, set in. both cases series 
copper-tin alloys containing copper were also ineffective. 


(c) Reactions Solid and Liquid Cadmium 


Attempts were made investigate the decomposition methanol and 
methyl formate cadmium. This proved impossible account 
the high vapor pressure cadmium which caused large amount dis- 
tillation the walls, and invariably plugged the capillary tube leading 
the manometer. 


Conclusions 


apparent that the main difficulty this work the very small surface 
area the catalyst compared with the large surface the walls the reaction 
vessel. result only possible investigate few reactions which 
the catalyst exceptionally effective and the walls are exceptionally ineffective. 
order carry out successfully extensive investigation catalysis 
liquid metals, essential that this difficulty overcome. Investigations 
are therefore being carried which involve entirely new experimental 
methods. 
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THE EFFECT ATMOSPHERIC SULPHUR DIOXIDE 
COTTON TEXTILES! 


Abstract 


The effect drying, air containing one and two parts sulphur dioxide 
per million, cotton fabric wetted with solutions such those which would 
encounter power laundry rinse waters has been investigated. Factors such 
sulphur dioxide concentration, humidity, temperature and light have been 
examined and kept under possible control. The sulphur dioxide has been 
found have little effect producing deterioration the fabric. 


Introduction 


The term has been used designate somewhat obscure 
kind deterioration occurring laundered fabrics. first attracted 
attention New England and appears occur laundered fabrics which 
have been repeatedly dried, particularly during the winter, the atmosphere 
industrial cities, especially those located near the coast. 


Winter damage found only wet-wash fabrics which are returned from 
the laundry the customer damp condition and which are hung out- 
side dry. this time that sulphur dioxide may absorbed 
the fabric. Winter damage very seldom found occur fabrics that are 
completely finished and returned dry the customer. 


has been supposed that the agent responsible for winter damage 
atmospheric sulphur dioxide which absorbed the fabric, especially 
the winter, when temperatures are lower and the concentration atmos- 
pheric sulphur dioxide general higher than other seasons. supposed 
that the sulphurous acid formed the fabric is, suitable agents are present, 
oxidized sulphuric acid, and that the latter, although present only small 
amount, becomes highly concentrated the time ironing and causes the 
formation degenerated cellulose and consequent weakening the fabric. 


Previous Work 


the above theory the cause winter damage the correct one 
should not difficult produce this damage artificially the laboratory. 
One attempt record that Wilkie (5) which cotton towels were 
doped with various solutions and allowed cabinet containing sulphur 
dioxide, the initial concentration which was part per million (p.p.m.). 
control this concentration was maintained, hence the effective con- 
centration would much lower than p.p.m. owing absorption the 
gas the fabric and condensed moisture the walls the cabinet. 
The towels were removed once daily, ironed moistened with 
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distilled water, and returned the cabinet. intermediate laundering was 
performed and the free acid and sulphates were allowed accumulate. 

The tensile strength losses were extremely high, some cases ranging 
from 100% with few treatments. This, the present writers, 
hardly seemed possible when the concentrations sulphur dioxide are con- 
sidered. 

should pointed out that Wilkie’s experiments the samples after 
immersion the solutions were not, the practice power laundry 
work, centrifuged order remove excess liquid, and not clear whether 
all cases they were even wrung out hand; further, the period fumi- 
gation after each treatment was hr. the present work all excess liquid 
was extracted from the samples centrifuging and the samples were fumi- 
gated only until dry This procedure approaches more closely 
than Wilkie’s conditions actual practice. 

Certain further features Wilkie’s experiments should noted. the 
first place, should remarked that there were control samples treated 
all respects similarly the fumigated samples, except for exposure sulphur 
dioxide. the second place the samples were not subjected actual 
laundering and hence the results give direct measure the effect drying 
air containing sulphur dioxide after laundering. the third place, the 

concentrations the doping 


TABLE solutions were greater than 
STRENGTH SOLUTIONS APPLIED FABRICS those the corresponding 
solutions used laundry 
Con- Con- practice, Table shows. 
Supply used found Hence any the materi- 


sulphurous sulphuric acid 


Sodium hypochlorite 0.01 
hypochlorite their effect might greatly 


the doping the test 
fabrics. Iron, sodium chlorate 
and calcium bicarbonate were also used solution doping agents. 


Experimental Work 

the present attempt produce winter damage artificially, the doped 
fabrics were hung shellacked metal rods insulated fumigation cabinet 
measuring ft. ft. in. internally. Air was forced through the 
cabinet means blower. Sulphur dioxide was injected into the air 
stream from cylinder the liquid gas through modified pressure-differential 
flowmeter capable measuring injection difference two bubbles per 
minute. The air and sulphur dioxide passed through long rectangular 
mixing tank fitted with baffle plates and thence the top the fumigation 
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cabinet where they were further mixed the distribution chamber. This 
chamber was arranged that the gas was introduced into the cabinet through 
nine symmetrically placed openings, each in. diameter, assuring even 
draught through the cabinet. Nine similar openings were placed the 
bottom the cabinet leading into collection chamber which had lead off 
the hood vent. 

The content sulphur dioxide the incoming and the outgoing air was 
measured means apparatus essentially similar the automatic 
recorder described Thomas (2, means two-cell automatic 
aspirator, gas samples were taken alternately from the inlet gas the dis- 
tribution chamber and from the off-gas the collection chamber, the period 
aspiration each case being min. The volume the gas sample was 
measured means Sargent wet test meter. The gas was aspirated 
through dilute solution hydrogen peroxide which converted sulphuric 
acid. The electrolytic conductivity the sulphuric acid solution was recorded 


Fic. Views fumigation apparatus. shows the cabinet with header top and exit 
pipe left. The incoming and the outgoing air are sampled through the glass tubes shown. 
mixing chamber the left the cabinet not visible the photograph. shows the flow- 
meter device which bubbles sulphur dioxide are introduced into the ingoing air from cylinder 
the gas. the right, only partly visible, the recorder which, conjunction with the auto- 
recording Wheatstone bridge (on wall), measures the sulphur dioxide content the in- 
going and outgoing air the cabinet. 


means Leeds and Northrup conductivity recorder. The conductivity 
the solutions was calibrated terms the concentration the sulphur 
dioxide passing through the fumigation cabinet. Hence running check was 
maintained the sulphur dioxide concentration the gas stream. 
means this recording equipment, concentrations sulphur dioxide 
0.05 p.p.m. could recorded. All runs were made either p.p.m. 
sulphur dioxide volume. 

Arrangements were made for placing humidifier various positions 
the air stream that relative humidities 95% could obtained and 
maintained within any value required. Air speeds through the system 
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were determined means calibrated anemometer. The temperature 
the fumigation cabinet was dependent upon outside weather conditions. All 
heat was shut off from the room which these experiments were conducted 
order reduce the temperature and thus induce much sulphur dioxide 
absorption possible. recording hygrothermograph was used record 
temperature and humidity data. This instrument was calibrated every 
seventh day. 


TABLE The various doping agents 

AGENTS APPLIED THE TEST PIECES applied the test pieces 
fabric were used the con- 

Agent centrations shown Table 


II. Where several agents 


Iron ferric were used combination 
0.1 sodium carbonate according 
method they were each present 
Soap 0.005% the concentration noted 
Bleach 0.005% 
Oxalic acid Sufficient reduce the 5.5 the table. The fabric 
Acetic acid soaked these solutions for 
Ammonium 
Sucrose 0.1% porous basket for sec. 


The concentrations soap, bleach and acids cor- moisture and prevent drip- 

respond rinsing concentrations power laundry. ping, and then placed the 


fumigation cabinet until thoroughly dry. 


Experimental Results 


The fabric used these experiments was good grade cotton sheeting 
with thread count 68. The original tensile strength the warp 
threads was 53.1 per in. width. Tensile strength measurements were 
made with Alfred Suter tensile strength machine having 1-in. jaws, in. 
between the jaws, and lower jaw travel in. per min. The 
method for tensile strengths was used. 


Laundering was performed local laundry which adheres rigidly 
washroom practice the recommendations the Laundryowners National 
Association. Soap and soda ash were the washing agents used and the loads 
clothes were acidified 5.5 with mixture sodium acid fluoride 
and sodium silico fluoride the last rinse. The washing formula consisted 
four suds baths and six rinse baths (1). 


Experiments Nos. and 


Three sets fabrics were used each these experiments determine 


the effects various agencies. Their treatments may summarized fol- 
lows: 


Set No. These fabrics were treated with their respective doping agents, 


dried the cabinet air containing sulphur dioxide, ironed about 400° F., 
aged for three hours, laundered power laundry and the cycle repeated. 
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Set No. The fabrics were treated with their respective doping agents, 
dried the laboratory room temperature, but given treatment with 
sulphur dioxide, ironed about 400° F., aged for three hours, laundered 
with Set No. and the cycle repeated. 


Set No. The doping treatment was applied usual, followed fumiga- 
tion and ironing about 400° These fabrics were then allowed hang 
the laboratory until the next morning when the cycle was repeated. This 
set was not laundered. 


Hence, Set No. was used determine the combined effects sulphur 
dioxide treatment plus laundering; Set No. was used determine the 
effect laundering alone; and Set No. examine the effect sulphur 
dioxide alone, treatment with various agents being common all sets. 


Tables III and show the conditions prevalent Experiments Nos. and 
and the losses tensile strength. 


TABLE III 


Losses textile strength after consecutive 
treatments, 


Doping agent Set No. Set No. Set No. 


laundered and laundered fumigated 
fumigated only only 


1932, February 1933. 


Distilled water 20.4 15.6 6.8 
Iron 21.6 8.7 
Bleach 24.8 21.4 8.3 
Soap and bleach 25.6 24.4 9.6 
Soap and bleach and oxalic acid 28.6 12.4 
Soap and bleach and acetic acid 28.8 30.9 7.9 
Ammonium carbonate 23.0 20.0 1.0 
NoTE: Concentration sulphur dioxide, p.p.m.; temperature fumigation cabinet, 
6.5-14° C.; relative humidity fumigation cabinet, 50-60%; air flow through fumigation 
cabinet, 220 cu. ft. per min.; total time exposure, 130.1 hr.; dates experiments, December 


will noted that the normal loss tensile strength due laundering 
15.6%. Where doping agents other than distilled water were used the 
losses were higher, particularly when acids oxidizing agents were present. 
Set No. the losses are very much lower than those obtained Wilkie (5). 
Further discussion will found later section. 


all experiments tensile strength measurements were made after 10, 25, 
and treatments. Only the results obtained after the complete series 


treatments any one experiment are, however, given here, was felt 
that, owing the irregularities inevitably encountered the results 


experiments this kind, only clearly marked effects can regarded 
significant. 
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TABLE 


EXPERIMENT No, EFFECT P.P.M. SULPHUR DIOXIDE 


Losses tensile strength after consecutive 
treatments, 


Doping agent 


Set No. Set No. Set No. 

laundered and laundered fumigated 
fumigated only only 
Distilled water 21.6 22.0 5.9 
24.0 20.2 0.0 
Bleach 32.4 29.9 3.8 
Soap and bleach 34.2 27.6 13.4 
Soap and bleach and oxalic acid 28.1 29.2 9.0 
Soap and bleach and acetic acid 30.6 31.4 10.4 
Ammonium carbonate 23.4 20.4 0.9 


Concentration sulphur dioxide, p.p.m.; temperatures fumigation cabinet— 
(a) February April 1933, 12-14° C.; (b) April May 1933, 18-23° C.; total 
time exposure, dates experiments, February May 1933; other conditions 
were the same Experiment No. 


Experiment No. 

experiment No. was noted that the rate loss tensile strength 
decreased after the weather became warmer (April 1933) and the temper- 
ature the fumigation cabinet rose. investigate the effect temperature 
change, experiment No. was conducted summer weather. The con- 


centration sulphur dioxide was p.p.m. The data obtained are shown 
Table (cf. results experiment No. 1). 


TABLE 


EXPERIMENT No. THE EFFECT HIGHER TEMPERATURES THE FUMIGATION CABINET 


Losses tensile strength after consecutive 
treatments, 


Doping agent Set No. Set No. Set No. 

laundered and laundered fumigated 
fumigated only only 
Distilled water 15.4 14.5 0.0 
Soap and bleach and acetic acid 19.0 20.8 3.6 
Ammonium carbonate 19.0 1.9 
Sucrose 17.8 16.2 5.6 


Concentration sulphur dioxide, p.p.m.; temperature fumigation cabinet, 24-26° 
C.; relative humidity fumigation cabinet, 55-65%; total time exposure, 197.1 hr.; dates 
experiments, June August 18, 1933. 


comparing experiments Nos. and will immediately seen that 
higher temperatures reduce the losses tensile strength considerably. How- 


ever, none the three experiments were the losses suffered the order 
those obtained Wilkie (5). 
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TABLE 
EXPERIMENT No. EFFECT SLOW DRYING THE PRESENCE HIGH HUMIDITIES 


Doping agent 


Distilled water 


ron 

Soap and bleach and acetic acid 
Ammonium carbonate 


Losses tensile strength after 


Sulphates, consecutive treatments, 
Treated 
Blankst 
0.097 2.0 7.5 
0.138 2.8 22.1 
0.070 4.8 7.9 
0.092 1.5 1.9 
0.104 3.0 


Percentage sulphates calculated the basis sulphuric acid. 
Blanks were damped and,ironed along with the other samples, but were not admitted the 


chamber. 


Concentration sulphur dioxide, p.p.m.; temperature fumigation cabinet, 5-15° 
relative humidity cabinet, 80-90%; air flow through fumigation cabinet, cu. 
min.; total time exposure, hr.; dates experiments, December 1933, January 


Experiments Nos. and 


Three factors remained in- 
vestigated, namely, high humidities, 
slow rates drying, and the effect 
light. experiment No. run 
was made using slow drying the 
presence high humidities; ex- 
periment No. slow drying, high 
humidities and ultra-violet light 
from General Electric Type sun 
lamp were employed. the latter 
experiment the doped fabrics were 
hung circular support in. 
diameter, with the sun lamp the 
centre the circle. neither 
these experiments was laundering 
applied, and free acid and sulphates 
were allowed build the 
fabrics according the method used 
Wilkie (5). The results these 
experiments are shown Tables 
and VII. 


TABLE VII 


EXPERIMENT No. EFFECT COMBINED 
SLOW DRYING, HIGH HUMIDITIES AND 
ULTRA-VIOLET IRRADIATION 


Losses in 
tensile 
strength 
Doping agent Sulphates, atter 50 
consecutive 
treatments, 
Distilled water 0.136 4.4 
Iron 0.155 13.3 
Soap and bleach and 
acetic acid 0.177 6.9 
Ammonium carbonate 0.336 12.2 
Sucrose 0.166 7.9 


Concentration sulphur dioxide, 
p.p.m.; type light used, G.E. Type sun 
lamp; total time exposure, 567.5 hr., includ- 
ing sun lamp exposure 75.0 hr.; distance 
lamp from samples, approximately in.; 
dates experiments, January February 20, 
1934; other conditions were the same 
Experiment No. 


Discussion Results 


mention has been made thus far the reasons for using ammonium 
carbonate and sucrose doping agents. From theoretical standpoint 
these should effective inhibitors sulphuric acid formation. The slight 


alkalinity ammonium carbonate should sufficient neutralize any acid 
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that may formed. Ammonium sulphate would formed, but would 
harmless the fabrics. also well known that trace sucrose 
water solution sulphur dioxide will inhibit any oxidation sulphur 
trioxide; one analytical procedure for the determination sulphur dioxide 
makes use this fact. 


Wilkie’s experiments practical complete destruction the fabric 
was caused drying air containing p.p.m. sulphur dioxide, after 
immersion solution soap, bleach and acetic acid (concentrations given 
Table and repeating this times. The same effect was produced 
similar treatments with iron, while profound deterioration was produced 
treatments with bleach and soap followed fumigation; even fumiga- 
tion following mere wetting with distilled water reduced- the tensile 
40%, and brought the sulphate content the fabric 0.59% after 
treatments. The limitations and deficiencies these experiments have 
already been pointed out. 

the present experiments, even when the sulphur dioxide content the 
air was p.p.m., similar deterioration has been observed. Indeed, after 
allowing for the experimental error inevitably attaching experiments 
this kind textiles, must concluded that the experiments offer clear 
evidence any deteriorating action atmospheric sulphur dioxide when 
damp cotton textiles are dried it. Even when, the present experiments, 
residual bleach, soap and sour are deliberately applied the fabric after 
laundering, drying air containing sulphur dioxide produces only in- 
significant amount deterioration deterioration all. Much less, 
then, likely that drying such atmosphere will produce deterioration 
when the fabric merely laundered and rinsed. 

the present work, humidity, temperature, two concentrations sulphur 
dioxide, the effect light, and the effect common laundering supplies have 
been studied effort produce sulphur dioxide damage cotton fabrics. 
Two parts per million sulphur dioxide much excess the concentration 
found the atmosphere most manufacturing cities. All possible variables 
these experiments have been rigidly controlled. The results show that 
has not been possible produce serious damage with such concentrations. 
Even experiments Nos. and which air movement through the fumi- 
gation cabinet was very slow and temperatures were low and 
were high, the fabric was not seriously damaged. These conditions are con- 
sidered ideal for the development winter damage. 


not claimed that this the last word this connection nor has the 
cause the damage, generally designated wipter damage, been established. 
desired, however, put these results record aid future experi- 
menters who may care investigate this field. There possibility that 
polluted atmospheres manufacturing cities may contain certain amounts 
sulphur trioxide which would directly damaging, even much smaller 
quantities, than would sulphur dioxide. many investigations atmos- 
pheric pollution this point has not been considered. 
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THE RELATIVE RIGIDITY WELDED AND RIVETED 


Abstract 


Little quantitative information being hitherto available concerning the 
degree restraint developed the ends steel beams and girders with welded 
connections, and the extent possible related economies and improvements 
frame stiffness being correspondingly uncertain, the experimental investigation 
two distinct aspects joint rigidity was undertaken. These were: 

(a) The relative capacity under gravity load beam-girder and beam-column 

connections for developing beam restraint, continuity, designed with 
view reducing the required weight the connected beam. 

(b) The relative values certain typical connections resisting the deforma- 
tion frame due lateral loads, either one direction subject 
reversal. 

Two series specimens were fabricated and tested relation plain rating 
beams. The first series, designed for the purpose studying beam continuity, 
consisted ten 9-in., Bethlehem beam double-cantilever specimens, 
employing five different types welded connections. The second, designed 
primarily for the study wind bracing rigidity, consisted twelve 18-in., 
Carnegie beam double-cantilever specimens with three different types 
connections. These types included the welded the welded gusset and, for 
comparison, the riveted For half the specimens the second series the 
connections were central transverse plate simulating the web column, 
and for the other half the flanges 12-in., H-column. 

Coefficients restraint, that is, the ratio actual 100% restraint, were 
ascertained determining end slope angles with the aid special type 
longitudinal extensometer attached the beam flanges. Although, for con- 
venience, the specimens were tested double-cantilevers the results were 
readily transformed applicable the partially restrained beams simulated 
the specimens. 

Story drift angles, that is, the angle through which the columns building 
subjected horizontal force would tilt one story height due the deforma- 
tion the connections, were ascertained utilizing the end slope angles 
mentioned above and the observed deflections the specimens. The results 
for the specimens were transformed calculation applicable 20-ft. 
bay actual building. 

Broadly stated, the results obtained the study the connections tested 
were: 

(1) Welded connections ordinarily designed for end restraint fall short 
the ideal value 0.75 for the coefficient restraint from 25%. 

(2) Both welded and riveted connections designed primarily for capacity 
wind moment develop coefficient restraint excess the most economical 
value (0.75) required resist gravity loads only. 

(3) beam welded column web may develop less story drift angle than 
would plain beam integral with the column. T’s riveted column flange 
may, for 20-ft. bay, give rise lineal drift much 0.36 in. per 12-ft. 
story under capacity wind one direction, while welded T’s under the same 
conditions showed 0.09 in. and welded gussets only 0.03 in. 

(4) the connections designed for beam continuity only, the compression 
attachment was all cases more yielding than the tension one. Transfer 
axial compression longitudinal welds the edges thin flange introduces 
much yield due horizontal shear the flange. 

(5) wind connections either column web column flange, the 
top and bottom attachments, under capacity reversing load, gave approximately 
equal total longitudinal deformations for each the three types. 
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(6) From third half the flexural slope connection unstayed 
column flange may charged the deformation the column flange. 


(7) wind connections unstayed column flange the welded connections 
gave regional flexural slopes from 63% the corresponding ones developed 
the riveted T-connections, depending the region, longitudinal zone. 
Consequently, the welded connections were definitely stiffer than the riveted 
ones all regions. 

(8) The aggregate longitudinal elastic deformation tension for capacity 
reversing load was greater than the aggregate deformation compression, the 
excess being 70%. This was for the riveted T-connection column 
web. 

(9) For the riveted T’s large part the longitudinal deformation was non- 
elastic slip. amounted 31% for the connection column web and 46% 
for connection column flange. 


(10) Welding stiffeners the column flanges reduced the longitudinal 
deformation the welded and the welded gusset connections and 85% 
their previous values, respectively. 

(11) For the specimens designed for beam continuity only, the ratios the 
test factor safety the design factor safety, based estimated ulti- 
mate strength 10,000 per lineal inch fillet weld with uniform 
distribution stress, varied from 0.65 0.97. 


(12) For the specimens designed primarily wind connections, the ratio 
test factor safety design factor safety, based assumed uniform stress 
distribution, varied from 0.88 0.98 for the riveted specimens, from 0.49 
0.83 for the welded T-specimens and from 1.06 1.29 for the welded gusset 
plate specimens. thus evident that stress, which 
obviously existed marked degree for the welded T-connections, may cause 
the capacity certain types connections fall considerably below that 
estimated the basis uniform distribution. 


Introduction 
Nature the Problem 


the problem undertaken two distinct aspects joint rigidity steel 
construction were investigated experimentally. These were: 

(a) The relative capacity under gravity load beam-girder and beam- 
column connections for developing beam restraint, continuity, designed 
with view reducing the required weight the connected beam. 

(b) The relative values certain typical connections resisting the 
deformation frame due lateral loads, either one direction subject 
reversal. 

(a) well known that the weight steel beams may substantially 
reduced restraint introduced the supports comparable that 
secured matter course properly constructed reinforced concrete 
beams resting several supports. Nevertheless, little information has 
been available regarding the actual degree restraint developed that speci- 
fications, with few exceptions, ignore altogether. While this practice con- 
tributes indefinite manner the factor safety the connected beam 
itself, disregards what may large moments the connections, moments 
that exist whether advantage taken them not proportioning the 
beam. consequently desirable ascertain the degree which restraint 
actually developed and what extent its development advantageous. 
With welded end-connections has been possible attain high percentage 
restraint, but will shown that, for gravity loads, the ideal restraint 
considerably less than the maximum attainable. 
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Growing out the need for minimizing the deflection and vibration 
tall steel buildings under wind force, much attention now being directed 
the rigidity wind connections, apart from their strength factor 
safety under load. Although welded wind connections have, the present, 
not been extensively employed for heavy wind duty, has appeared that 
their use might impart building rigidity greater than that hitherto 
attained the use riveted connections. far the development 
maximum rigidity against lateral forces concerned, manifestly the ideal 
restraint connections the maximum attainable. 


II. Experimental Work 
Classes Specimens 

Two series specimens were fabricated and tested. The first, prelim- 
inary series, fabricated 1929, consisted light members and welded con- 
nections, and served develop the method procedure and indicate the 
relative merits the various types connections used. This series was 
designed for the study beam continuity only. 

The second series, fabricated 1930, consisted relatively heavy members 
and included both riveted and welded connections. Though this series was 
primarily designed for the study wind-connection rigidity also served 
extend the study beam continuity. 


Specimens the First Series 


the fact that typical steel girders building floors will commonly 
range from in. deep and ft. span, with total load 
perhaps 60,000 80,000 Ib., would manifestly impracticable test many 
such full-size members under conditions duplicating those found the floor. 
was therefore decided design double-cantilever specimens which repre- 
sented the condition real floor accurately possible, but, order to. 
keep the size the specimens within reasonable bounds, base them 
floor panel with dimensions and loading per unit floor area about 70% 
those obtaining typical floor. The specimens were consequently so. 
devised that under working stresses the connections, the maximum moment 
would the same the supports perfectly restrained, uniformly 
loaded, beam ft. span carrying total load 24,000 Ib. This reduced 
the size the required test beams 9-in., Bethlehem 

Five types welded connections, involving variations the tension 

Two specimens, BA1 and BA2, for purposes comparison, and 
specimens, PA1, PA2, PBi, PB2, PCi, PC2, PD2, 
and representing the connection beams the web girder 
column and incorporating duplicate pairs the various connections, were 
fabricated indicated Fig. and tested described below. 

the design these specimens working stress 18,000 Ib. per sq. in. 
was employed for the beams and the connection material apart from the 
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welds. For the latter design stress 5,000 per lineal in. in. 
fillet weld was employed giving nominal factor safety about 2.0 under 
specimen load 24,000 The weld stress was fixed rather high order 
ensure failure the welds rather than the material. Actually, horizontal 
shear stresses the compression flanges the beam adjacent the shelf 


angle welds proved excessive, producing unexpectedly large deformation 
the compression connection. 


ses: 


2055 B 
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All the welding was performed one welder, who first passed the qualifi- 
cation tests laid down the Structural Steel Welding Committee the 
American Bureau Welding. Lincoln Arc’’ welder was used, 
operating volts and 180 200 amp. with bare Roebling 
wire. welding was done with the weld horizontal, but all 
welds were made with the beam position corresponding that which 
would occupy building. Otherwise, these operations were identical. 
All parts were clamped and tack welded position before welding. 


737 

7 6% 4-2 
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Specimens the Second Series 

Having established method procedure the first series and desiring 
extend the investigation include wind loads, was now thought preferable 
test full-size connections. Consequently, specimens the second series 
were fabricated represent the connection girder (of 228 in. clear span 
subjected gravity load 70,000 Ib. its equivalent wind load 
either direction) the flange web column six stories down from the top 
building. According the method design adopted, this required 
C.B. section for the girder. 1-in. plate represented 
the flange-connected column. 

One type riveted connection and two types welded connections, 
and were designed, indicated Fig. 

Six beam specimens, 
comparison, with six 
plate specimens PF1, PF2, 
PH2, and PJ2, 


if 


representing theconnection 
FIRST SERES 


column, and six 
specimens CF1, CF2, CH1, 
CH2, and CJ2 repre- 


senting the connection 


duplicate pairs the 


column, and incorporating 


various connections, were 
fabricated, indicated 
Fig. and tested de- 


CH2 and the ad- 
dition stiffeners welded 
between the flanges the 
column shown Fig. 
provided the two sub-speci- 
mens CH2W and 


6 COLLIN SPECIMENS CPI SLOWER 


Fic. Specimens the first and second series 


specimens the critical sec- 


tion the beam was con- 
sidered exist distance in. from the face the plate column, 
account the stiffening effect the connection, and consequently the beam 
was designed resist the moment this section while the connection plates, 
angles, welds, and rivets were designed resist the moment the support. 
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nominal factor safety between 2.25 and 2.50 was used the design 
rivets and welds the moment-resisting part the connections, based 
the assumed ultimate strength values given Table while other 
respects the permissible stresses the specifications the American Institute 
Steel Construction were employed. Selection the working stresses was 
made with view rendering failure the connection welds rivets more 
likely than failure elsewhere. factor safety between 2.25 and 2.50 is, 
moreover, consistent with that obtained when wind stresses are allowed, 
occasionally the case, exceed the stresses permitted for dead and live 
load much 50%. 

order that the angular 


TABLE rotation the connections 


ULTIMATE STRENGTH VALUES TENSION RIVETS the face the support 
EMPLOYED IN DESIGN 
might not unduly influ- 


enced vertical shear de- 

shear plates were welded 

the web each beam for all 
specimens, with factor 


pure tension, according Uni- safety 3.43 the welds. 
versity Toronto tests. Rivets, single shear, based These shear connections were 


ever the deformation the 
tension connection greatly exceeded that the compression connection, 
the riveted specimens, and consequently failed prematurely. 

The riveted T-connection, was type common use the time 
fabrication the specimens. Although the riveting arrangement adopted 
for the connection the face the column would, where the attachment 
was unstayed flange, give higher column deformation than the rivets 
had been grouped closer the column web, this particular source flexi- 
bility did not arise where central plate, rather than column section, sep- 
arated the two cantilevers. The use rivets through the flanges 
the column and rivets through the plates the plate specimens 
was conformity with the expected strength rivets different grips 
tension, indicated tests made some years ago the University 
Toronto (1). 

the design the welded T-connection, split I-section with heavy 
web and narrow, heavy flanges was found desirable, order keep the 
tensile stresses the tapered web the within safe limits and 
minimize the deflection the flanges both T’s. 

The gusset-plate type welded connection, was proportioned that 
the long median line each gusset when produced intersected the neutral 
axis the specimen the load point, in. out from the back the con- 
nection. Care was taken ensure adequacy the plates well the 
welds the connection. 
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The beams for the specimens were sawn from three lengths. These 
had been ordered from the mills and were required taken from the same 
rolling. The welding was performed the man who did the welding for the 
first series. Lincoln welder was used with 
medium carbon, No. in. diameter, manufactured the Steel Company 
Canada. This electrode and complied with the American 
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Welding Society Specification EIA. Current specified for horizontal welds 
was 225 amp. and for vertical welds 180 amp. 


Instruments 

Two types instruments were used measure the deformation the 
specimens, extensometers, with accessories, measure horizontal deform- 
ation between points near the flanges the beam, and (second 
series only) deflectometers, with accessories, measure the vertical move- 
ments points the neutral axis the beam. 


(a) Extensometers and Accessories. the first series only one gauge length 
was used for the two extensometers, the gauge points being symmetrically 
located the centres the flanges beyond the ends the connections. 
the second series was considered desirable able analyze and allocate 
portions the over-all deformation obtained this first series and for 
this reason second pair extensometers was used intermediate gauge 
points. The locations the gauge points used each series are shown 
Fig. 

These gauge points, being opposite sides the plate column, are not 
directly inter-accessible, and consequently special extensometers had 
constructed. Two transverse square tubes carrying the contact points, 
multiplying lever and Ames dial were clamped means split sleeves 
two longitudinal round tubes suitable length. The instrument and the 
method its attachment the specimen are shown Fig. 


the specimens and (second series) the gauge points for the shorter 
extensometers were located the vertical gusset plate the connection, 
and special girdles attached these points were required convey their 
movement the extensometers, shown Fig. correction had 
applied the readings obtained with the girdles determine the true move- 
ment the gauge points the gusset plates. 


The Ames dial, combined with the multiplying lever, indicated move- 
ment the gauge points 1/5000 in. per division. Tenths division, 
fifty-thousandths inch, were estimated and recorded. The exten- 
someters were periodically calibrated special micrometer gauge. 


(b) Deflectometers and Accessories. Simple deflection measurements between 
the bottom the specimen and the platen the testing machine were taken 
the first series but proved useless account errors due the settling 
the knife edges and deformation the platen. larger testing machine 
was used with the second series with special form laterally rocking knife 
edge, but similar difficulties were encountered. much 25% the de- 
flection indicated was found due deformation outside the specimen. 
eliminate this error, and establish datum plane fixed inclination 
with respect the axis the column and height with respect its centre, 
was decided measure the vertical movement points the neutral 
axis the beams related bridge hung from, and aligned right angles 
to, the central vertical element the specimen. The bridge and its method 
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suspension, and the yokes carrying the Ames dials and their attachments 
the neutral axis are shown Fig. The particular advantage this 
method measurement the present investigation was that gave the 
deformation each half the specimen, with respect the central vertical 
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Fic. Attachment instruments employed measuring deformations. 


section, separately, and, the case the connected specimens, indicated 
the relative rigidity the two connected cantilevers. 

The Ames dials indicated 1/1000 in. per division. Tenths division, 
ten-thousandths inch, were estimated and recorded. 
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The instruments assembled specimen the second series are shown 
Fig. 


Fic. Instruments assembled specimen CJ1W (second series 


Test Procedure—First Series 

Each specimen the first series was tested inverted position 
100-ton Riehlé machine. The supporting knife edges might thus con- 
sidered applying the load the two cantilever arms and the loading knife 
edge taking the reaction the centre the specimen. Bearing plates 
were used distribute the load reaction where was applied the beam 
flange. 

One extensometer was attached each flange, and one deflectometer was 
supported the platen the machine, indicated Fig. 


The first each pair specimens was subjected three loads, the first 
and second, 2000-lb. increments, approximately 26,000 and the 
third one increment and then increments 27,000 


When these were completed the second specimen each pair was loaded 
2000-lb. increments 30,000 and 1000-lb. increments 
failure. 


The results obtained for one beam, and one plate specimen, for all loads 
applied, are shown Fig. 

The large initial set produced the first load welded specimens well 
illustrated the curves for the tension flange PA1. This effect combined 
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with increasing stiffening due the improving seating the compression 
connection shown the curves for the compression flange. The net 
result combined with settling the knife edges and undetermined deform- 
ation the platen shown the deflection curves. The marked difference 
between beam and plate specimens all cases indicative the imperfection 
the restraint developed the connection. Finally, while failure actually 
occurred the tension connection, can seen that for safe loads pro- 
vided the greater rigidity. 


the simulated beam the initial set produced the first load involves 
permanent loss restraint, and therefore the study restraint, distinct 
from wind bracing rigidity, necessary use the curves for the initial 
loads, extending them, indicated the dotted line, link with the 
latter the failure load. 


Second 


Fic. Observation curves for specimens BA1 and PA1 the first series. 


Test Procedure—Second Series 

The specimens the second series were tested 200-ton Riehlé machine. 
great deal preliminary testing was carried out with one specimen each 
pair specimens the second series before the final loading program was 
devised, and was during this period that the alterations instruments and 
methods, between the first and second series, were completed. These 
included: (i) the introduction the second pair extensometers differ- 
entiate between connection beam and connection column, involving 
the use the specimens; (ii) the radical change the method 
measuring deflection involving the suspended bridge and deflectometer 
yokes previously described; and (iii) the study the behavior the speci- 
mens under repeated and reversed loads, applied and released, and the 
evolution loading program that would yield information applicable 
the two-fold problem beam continuity and wind bracing rigidity. 
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has been pointed out connection with the results obtained the 
first series, only one loading required determine the degree restraint 
continuity developed aconnection. wind bracing connection, however, 
may subjected complete reversal stress which may involve both 
elastic and non-elastic slip, and further, has been shown that initial set 
occurring during the first load alters the behavior the specimen during 
subsequent loads. Consequently, determine the final rigidity wind 
connection, adequate series loads must applied eliminate initial 
set, and reveal the full value slip due reversal load, well the 
normal elastic deformation the specimen. 


fulfil these requirements each specimen was subjected five loads 
applied and released stages from 75,000 Ib. 
and sixth load failure. The first two loads, termed were 
applied that the connection was stressed load the simu- 
lated beam. The third and fourth, termed ‘‘reversed were applied 
the opposite direction, while the last two loads were again normal loads. 
Readings the four extensometers and six deflectometers were made after 
each stage the application and release each load. 


Important improvements were devised the method applying and 
releasing the loads the specimens the second series. potentiometer 
type controller the motor actuating the loading screws enabled the 
operator balance the beam the machine any predetermined load 
with great accuracy and speed. 


Handling these specimens was facilitated the use traveling 
hoisting tackle and trunnions attached the ends the specimens. this 
means the specimen could rotated about its horizontal axis, for the purpose 
reversing the load, without removing the extensometers. was obviously 
necessary, however, remove the bridge and deflectometer yokes each 
reversal. 


The loads applied the specimen were numbered consecutively through- 
out the history the specimen and involved the application, and 
release, the load; and certain significant load applications 
releases combinations thereof were lettered for convenient identification, 
such the application the initial normal load, the release repeated 
reversed load (following normal load), etc. 


this loading program was adopted after considerable testing had been 
carried out, and, further, premature partial failure occurred one case 
(CH2) necessitating the inversion certain variations the standard 
program will found the record tests pérformed. 


Typical observation curves are given Fig. illustrate the character- 
istic differences observed deformation due load sequence, type speci- 
men and type measurement. All curves shown are for previously unused 
specimens; curves obtained with used and unused specimens the same 
type will seen Fig. and discussed later. 
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The existence and evaluation set and slip are well illustrated Fig. 
the beam and welded specimens, where slip occurs the amount 
initial and subsequent set clearly depicted. The amount initial set 
depends the stress and proportional limit the part the specimen 
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considered and the order loading. will seen from (a) and 
that initial set occurs the central 5-in. section the beam marked 
degree during the initial application both tension and compression; also 
that greater compression than tension and that either slightly 
decreased following the other. Similar results were obtained for all the 
specimens. thought, however, that the introduction cast 
metal the welding the web stiffeners this section largely responsible 
for the low limit proportionality and the correspondingly great amount 
initial set. 

comparison (a) and (c) (note difference scale) will show that there 
very little additional set the region between the and 18-in. gauge 
points. 

comparing (c) with (d) and (e), and considering the effect load se- 
quence previously discussed, certain important differences will noted: 
first, that greater initial set occurred the welded specimens than the 
beam specimens; second, that the larger initial set occurred tension the 
specimen (d) and compression the specimen (e); and, third, that 
considerable subsequent set developed the top (tension) flange CH1 
during the application the fifth load: This was evident some degree 
all the specimens and was due the severe unequal stress distribution 
the welds caused the bending, the specimens, the flanges 
the connecting and the specimens, primarily, the flanges the 
column. 


Observation curves are given for the riveted specimens, (j), for the 
three types measurements made. comparing these must remem- 
bered that while (f), (g) and (extensometers the bottom flange) 
indicate the horizontal deformation part all two bottom attachments, 
both compression (or tension), (i) and (j) (deflectometers) indicate the 
difference deflections in. and in., slope, and deflection 
in., one cantilever comprising one bottom and one top attachment, the 
one compression and the other tension for the normal load, and, vice 
versa, for the reversed load. 

will seen from Fig. and other observational curves not here repro- 
duced, the difference behavior the two flanges when similarly stressed 
negligible, but the difference between the behavior flange tension 
and compression quite appreciable. This evident from the similarity 
the deflectometer curves for normal and reversed loading and the marked 
difference between the extensometer curves for tension and compression. 

analysis the results obtained with, say, the 18-in. extensometer 
the bottom flange Fig. (h), during the standard loading program 
will indicate the significance the various loads applied and will justify the 
use the particular loads chosen represent the behavior the connection. 

Load load. produces initial compression the bottom 
flange and the resulting deformation includes initial set compression and, 
will obvious from results obtained with subsequent loads, certain 
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amount elastic and non-elastic slip, well proportional deformation. 
This termed the load. the release this load the elastic deformation 
only recovered. Load repeated normal load and includes elastic 
slip, subsequent set any, and proportional deformation. Load the 
first reversed load. produces initial tension the flange and includes 
initial set tension, elastic and non-elastic slip and proportional deformation. 
This termed the load. the release this load elastic deformation 
only recovered and, therefore, the net deformation for Load includes 
non-elastic slip and initial set tension. Load repeated reversed load 
and includes elastic slip, subsequent set, any, and proportional deformation. 
the release this load, termed the load, elastic slip and proportional 
deformation are recovered. Load the first normal load the second 
cycle and includes non-elastic and elastic slip, proportional deformation, 
and subsequent set, any. This termed the load. the release 
Load elastic slip and proportional deformation are recovered, and, there- 
fore, the net deformation for Load includes non-elastic slip and subsequent 
set compression, any. Load the second normal load the second 
cycle and includes proportional deformation, elastic slip and subsequent set 
compression, and carried failure. This termed the load. 

The comparatively large loops obtained the curves for the riveted 
specimens are due mainly friction between the slipping parts, but their 
existence the curves for the other specimens would indicate that hysteresis 
(see (e) Load and instrumental lag (see (b), Loads and were present 
small degree. 


Subsequent set occurred some extent the top flanges the and 
specimens when tension, due uneven stress distribution the rivets 
welds and the low factor safety adopted for these parts design, but 
elsewhere was negligible. 


Based the foregoing observations the following significant loads were 
used for the purposes indicated 


(1) establish the value the connection, part, resisting wind 
loads, alternately reversed, repeated. 


(a) Alternately Reversed Wind Loads. The performance the specimen 
during the release the fourth load and the application the fifth load, 
termed the load, was used represent the steady state behavior the 
flange cantilever when subjected complete reversal load. The 
resulting deformation includes proportional deformation and elastic slip 
compression and tension, non-elastic slip, and subsequent set one direction, 
any, but excludes initial set both directions. 


(b) Repeated Wind Loads One Direction. The performance the speci- 
men during the application the sixth load, termed the load, was used 
represent its behavior when subjected repeated loads one direction and 
carried failure. The resulting deformation includes proportional deform- 
ation and elastic slip and subsequent set one direction, but excludes initial 
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set both directions and non-elastic slip. Within their load ranges, the 
second and fourth loads would serve the same purpose except for the decrease 
slip friction with successive loads and the consequent gradual change 
the value elastic slip. 


(2) establish the value the connection part developing restraint 
beam continuity. 


(a) Initial Restraint. The performance the specimen during the applica- 
tion the first load combined with its subsequent performance during the 
application the higher stages the sixth load, termed the load, was 
used represent its behavior when subjected initial load carried 
failure. The resulting deformation includes proportional deformation, 
partial elastic and non-elastic slip, initial and final set. 


(b) Subsequent Restraint. The net deformation the specimen during the 
first five loads combined with its performance during the application the 
sixth load, termed the load, was used represent its behavior when 
subjected repeated loads finally carried failure. 


The method abstracting the mean and curves from the original 
observation curves illustrated for the 18-in. extensometers the 
two specimens. These curves are plotted assuming reversed load 
negative and normal load positive; consequently tension and compression 
will positive and negative respectively for top flange and negative and 
positive respectively for bottom flange. Complete observation curves 
are given for the four flanges (a), (b), and (d). curves are isolated 
(e) and (f) and the curves (g) and (h). The mean curves for each 
flange and the final mean for the two flanges are shown and 

Deformations indicated the observation curves for given flange include 
the deformations the two attachments that flange indicated the 
extensometer. The mean curve for the two top flanges therefore includes 
half the sum the deformation the four top attachments, and likewise the 
mean curve for the bottom flanges includes half the sum the four bottom 
attachments. The final mean these two means consequently includes 
one-quarter the sum the deformation the eight attachments and 
represents the combined deformation the mean top attachment and the mean 
bottom attachment; that is, represents the mean deformation the four 
cantilevers involved. 


The deformations are given inches determined the extensometers 
and computed scale radians added indicate the rotation the 
section due the horizontal deformations the flanges, allowing for the 
vertical distance between top and bottom flanges. These scales refer two 
top attachments, two bottom attachments, or, the case the final mean, 
one top plus one bottom attachment, that is, one complete connection. 

The loop, Fig. combination the final mean curves within 
the limits 70,000 and therefore represents the rotation the section, 
in. from the support, during repeated complete reversals load the 
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loop, and during repeated loads the same direction the loop. 
The corresponding for the mean beam specimen represented the 
dotted line, the width the loops being imperceptible this scale. 
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Similar mean curves for the and loads were obtained for the 23-in. 
extensometers, the difference between the 31-in. and 41-in. deflectometers, 
and for the 36-in. deflectometers. The work was done graphically large 
scale and when the mean curves were obtained appropriate scales were used 
measure the curves and tabulate the deformation inches radians 
required. tables indicate the mean performance the specimens 
tested and form the basis subsequent analysis. They are represented 
graphically Fig. the form loops for all types specimens 
and all measurements. 

The XYZ loops Fig. are grouped for purposes comparison 

each row are all the loops for one type connection, 

each column are all the loops for one type measurement (see Fig. 4). 
The symbols and are used represent the flexural slope sections 
and in., respectively, from the supports from the centre the 
beam face the plate column), determined the and 
extensometers. The deformation indicated radians. repre- 
sents the slope, produced flexure and shear, section in. from the 
support determined the difference deflection between points in. 
and in. from the support. Again, the deformation indicated radians. 
represents the deflection point the neutral axis the cantilever 
in. from the support, this deformation being indicated inches. 
each group are the loops for the mean beam, plate, column and modified 
column specimens. 

The scale for plotting radians uniform except and (c), which are 
plotted half the scale used elsewhere. The scale for plotting 
was chosen that and for the beam are equal for each type speci- 
men; consequently the scale used (d) half that used and 

The XYZ loop for the specimen reproduced Fig. (a) 
illustrate the various forms deformation that occur the riveted speci- 
mens which reference has already been made. The significance Fig. 
discussed Art. 25. 

Proportional deformation perfect specimen according Hooke’s law 
indicated approximately the tangent the centre line the loop. 

Slip may defined the relative movement connected parts; may 
tangential, between the web the T’s and flanges the connected 
beam, the specimens, caused deformation movement the con- 
necting rivets, may perpendicular the connected surfaces, 
between the flanges the T’s and columns, caused bending these 
flanges resulting improved bearing compression. The former type 
largely non-elastic, that is, not recovered release load; the latter, 
might expected, nearly all elastic. 

Elastic slip indicated the loops the curvature the loop; 
its full value represented the distance along the X-axis between the 
proportional deformation tangent and the loop. 
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Non-elastic slip indicated the distance between the loops for 
loads opposite directions. 

Initial set, has been shown, does not occur during the loads represented 
the loop but indicated the observation curves Figs. and 
the difference between the deformations that occur during the first and 
second loads. 

Proportional deformation the only type deformation that occurs any 
appreciable extent the beam and welded specimens; hence the 
for these specimens, and become practically straight lines. 

With these interpretations mind and recollecting the location and nature 
the measurements made, brief study the loops Fig. will 
serve indicate the characteristic differences the behavior the con- 
nections tested. 


the loops, (a) (e) and (i), Fig. 10, the difference between the 
and loops represents the increase deformation due in. the con- 
nection adjoining the plate, including the rivets the specimens; the 
difference between the and loops indicates the deformation the column 
and any effect may have the deformation this part the connection; 
the difference between the and loops ‘shows the effect the column 
flange stiffeners reducing the deformation the column. The relative 
rigidities this part the connection for different types, the effect the 
type connection the deformation the column, and the effect welded 
column flange stiffeners are clearly shown. 

The loops, (b), (f) and (j), include the deformations represented 
the previous loops and the differences between and are similarly 
significant; consequently only the increase decrease these differences 
between and indicates the effect the connection beyond the 
gauge points. 

the specimens the increase non-elastic slip should noted. 
slight decrease proportional deformation occurs and owing the 
stiffening effect this part the connection the beam flange; indi- 
cated the decrease the difference slope between the beam and the 
loops. 

These loops, and are derived from extensometer measurements. 
The remaining loops, and are derived from deflectometer measure- 
ments and serve confirm and extend the information obtained from the 
extensometer measurements, which not indicate the existence vertical 
shear, but are essential for the analysis flexural slope development. 

The only difference between and the increase flexural slope 
this section the beam and the addition the shear slope this point, 
both which are common all specimens, and are indicated part the 
beam deformation. The differences, therefore, between and should 
the same all the beam sections used are identical. 

The loops, (d), (h) and are plotted scale that produces 
slope the beam loop equal that for the beam. Since the differences 
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flexural slope between the beam and the other specimens are developed 
near the plate column, the differences deflection for these specimens 
will approximately proportional the differences flexural slope and, 
therefore, since flexural slope and flexural deflection for the beam are 
equal, any change these differences between loops and loops 
indicate roughly the change shear deflection due the connection. 
this basis increase shear deflection indicated for and specimens 
and decrease for specimens. 


III. Theoretical Considerations 
General 


complicated its behavior even the simplest welded connection, 
and little known the elastic properties welds laid down under varying 
conditions, that determination theoretical processes alone the degree 
restraint attainable the use given connection impracticable. 
Experimental means had devised obtain this information. 


Relation Specimens First Series Simulated Beam 


has been pointed out Section II, double-cantilever specimens were 
devised simulate uniformly loaded floor beam more less restrained 
the ends. Calculation showed that for the specimens the first series 
double cantilever having clear span in. either side centre 
support, shown Fig. (a), would, loaded each end 


Continuous Beam 


Connected Beam 


Partial 


specimens and corresponding beams, first series. 
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load, give for each span exactly the same shear and moment the 
support would exist the supports the assumed 14-ft., perfectly restrain- 
ed, uniformly loaded beam. The deflection would nowhere the 28-in. 
cantilever span exceed the deflection the end in. the 14-ft. beam 
more than 3%, spite the fact that while the load the simulated beam 
uniformly distributed, the load the double cantilever concentrated. 
Obviously, then, the comparatively short welded connections would, the 
test specimens, subjected shear and moment relation the face 
the support exactly equal that the simulated, perfectly restrained, beam 
and deflection within the length the connection almost exactly so. 
Actually, course, specimen designed give the same moment and shear 
the cantilever supports the ends perfectly restrained beam would 
not exactly represent the simulated beam the restraint for the latter became 
less than perfect. Less load the standard double-cantilever specimen 
described above would give the same end moments for the cantilevers 
would given the ends partially restrained beam carrying total 
load 24,000 Ib. This arises from the fact that, the joint yields, the 
end moment becomes relatively smaller with respect the total moment 
the span, and consequently representative cantilever specimen would 
need loaded more lightly than the restraint the simulated beam 
were perfect. 

thus happens that the shear the double-cantilever specimen, designed 
above, less than the shear the ends the simulated beam. give 
the same end shear for the two, well the same moment, the span each 
cantilever arm the specimen should be, established Equation (15) 

the load it, the load the cantilever specimen and the coefficient 
restraint, that is, the ratio between the existing end moment and the end 
moment the beam were perfectly restrained. 

Since the degree restraint not known beforehand, not possible 
fix the appropriate cantilever span order that the end shears may exactly 
the same for the cantilever specimen and the simulated beam the time 
that the moments are equal. Moreover, the cantilever span would theoretic- 
ally need vary with each load stage. Consequently, for the first series, 
standard effective span for each the two cantilevers specimen was 
made the span the simulated partially restrained beam, indicated 
Fig. (b). Hence, while the cantilever specimens could loaded 
represent any end moment the simulated beam, the simultaneous shear 
would somewhat less than the end shear the simulated beam. Where 
the coefficient restraint not far from unity this difference shear 
particular consequence. 


10. Relation Specimens Second Series Simulated Beam 
The specimens the second series were designed, has been indicated, 
investigate wind bracing rigidity well beam continuity and therefore 


which the span the simulated beam, 
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the design these specimens compromise was made between the moment- 
shear relations existing the two problems. was also deemed desirable 
assume that the connection increased the stiffness the beam within the 
length the attachment, approximately in., and therefore the critical 


section the beam occurred point in. from the face the column. 
The beam was designed continuous beam with span 228 in., and 
hence the corresponding specimens, according the previous article, should 
have cantilever spans in. each. For the reasons given above, however, 
the connection was designed develop the strength this beam point 
in. from the support and therefore cantilever span in. was chosen. 


This departure from the ideal ratio, involves decrease the 
s 


shear-moment ratio, but the effect this change shear flexural slope 
assumed negligible, and since flexural slope determined measurements 
unaffected shear deflection, the results obtained with these specimens and 
interpreted the appropriate equation derived Art. accurately represent 
the performance the simulated beam the development restraint under 
gravity load. 


The ideal cantilever span required simulate beam subjected wind 
load assuming the point inflection occur mid-span. this span 


could not accommodated the testing machine would necessary 
apply corrections the results obtained any specimen determine the 
performance the simulated beam subjected wind load and, therefore, 
the cantilever span chosen produce design stresses simultaneously the 
beam and connection indicated above was considered satisfactory. 


Consequently, double-cantilever specimens were fabricated for the second 
series with each cantilever arm measuring in. from the back the connec- 
tion, the face the cantilever support. The critical section the beam 
was considered arising in. from the face this support, that while 
for the connection itself the maximum moment was assumed exist the 
face the cantilever support, the moment employed the proportioning 
the beam was assumed occur in. from the back the connection. 
Under the design load 70,000 Ib. each double-cantilever specimen the 
design moment for connection was, therefore, 35,000 1,890,000 in.- 
Ib. and the design moment for the beam section employed the specimen 


Owing the effect varying coefficient restraint the shear the test 
specimen was not exactly the same that which would exist the simulated,. 
partially restrained, beam under equal end moments. the 
coefficient restraint was fairly high under loads approximating the working 
loads, this disparity the shears not believed have affected the 
the specimens appreciably. 
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11. Slope Angle Related Extensometer Measurements 
The general basis for rating the rigidity connection was compare 
the flexural slope developed the connected beam any point beyond the 


connection with the flexural slope the same point uniform uncut beam 
similarly loaded. Cut and connected double-cantilever specimens were 
consequently tested direct comparison with uncut 
specimens. 


has been described Section II, the primary method determining 
the angular change was attach each flange special extensometer which 
would indicate the change length gauged distance symmetrically 
placed about mid-span the specimen. The difference, for example, 
extension the tension flange the specimen and the tension flange the 
plain beam would obviously due the yield the connection itself, 
modified the reinforcing effect the connection material the beam 
flange. 


Flange length shown the extensometers were utilized deter- 
mine, the method de- 
scribed below, the equiva- 
lent end slope angle due 
flexure for complete con- 
nection. 

Let the original gauge 
length the bottom, nor- 
mally the compression, 
that the top, tension, 


13. Under load, becomes 

The relative hori- 13. “Determination twist angle from 


extensometer observations. 
zontal movement two 


opposite gauge points one side the centre, employing the average for 
the two sections, 
and since conveniently made equal 

the beam depth, then the average inclination twist the section 
through opposite gauge points due flexure, with respect its original 
direction, 


(1) 


12. Slope Angle Connections Alone 


course, not all the slope angle indicated Equation (1) due the 
distortion the connections, since extensometers similarly placed plain, 


| 
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uncut, perfectly restrained double cantilevers would show length changes 
under load. These length changes may excluded from those for the uncut 
specimens subtraction. For example, using subscript numbers and 
indicate quantities derived from cut and uncut specimen respectively, 
the average the slope angles for the two end connections due flexure 
only would 


This angle, due the yield the connection, modified, and sometimes 
more than offset, the reinforcing effect the connection material the 
beam flanges. Shear deflection the specimen, resulting equal vertical 
movements two cross sections opposite sides the load point will not 
affect the value determined flange extensometers. 

Obviously the contribution the compression (bottom) part the con- 
nection the slope angle 


and that the tension (top) part 
Ose = (4) 


The following theoretical considerations, while generally applicable, refer 
particular specimens the second series which, alone, the necessary 
measurements were made. See Fig. 14. 


13. Determination for the Mean Plain Beam 

With view determining the effect the connections themselves, was 
necessary ascertain carefully the elastic properties the plain, uncut 
beams. The mean the values any given quantity for the six plain beams 
will spoken the value that quantity for the plain beam.” 

There being two consecutive gauge points each flange each half the 
specimen belonging different extensometers, that is, atx 2.5 andx 
in. from the middie the specimen, EJ, the product the modulus 
elasticity and the moment inertia, may determined for the mean plain 
beam two independent series extensometer readings. The longitudinal 
deformations disclosed them when introduced Equation (1) will yield 
values the flexural slope angles developed respectively the first 2.5 in. 
and the first in. the beam from the load point. considering also 
differences the angles there are thus made available flexural deformation 
data for three zones, zero 2.5, zero and 2.5 in. 


Application these angles the determination may made 
writing the usual expression for flexural deflection any point distant 
from the free end uniform cantilever span carrying single load 
the free end, shown Fig. 15. Differentiating this with respect 
u,, the flexural slope, the section found terms and certain 
known quantities. The value this angle having already been found 
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extensometer observations, readily ascertained. mean value 
adopted, based large number determinations, was 22,600,000,000 Ib. 
per sq. in. 


PLATE SPECIMENS 


Loaded 


Fic. measurements and derived quantities, second series. 


} 
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14. Flexural and Shear Slope Any Section the Mean Plain Beam 

Having determined the value for the mean plain beam, the flexural 
slope any section may readily found from the first derivative the 
deflection equation. 

There being constant shear between the load point and the ends 
specimen, and the value being assumed constant for the mean plain 
beam, the shear slope will constant either side the load point. 
was convenient determine this slope two methods, (a) and 

Method (a) consisted measuring the slope due all causes 
and then subtracting from this the slope due flexure. Deflectometer 
readings having been taken 31,x in., the total slope 
is, indicated Fig. 14, the difference between the deflections 
may calculated, and the difference, shear slope, applicable any 
part either half the plain beam. 

Method the deflection due all causes was measured 
in. and from this the value the flexural deflection, found from the 
equation, was subtracted. The difference when divided 
gave the shear slope throughout either half the plain beam. 

Values given Method (a) were deemed more accurate than those 
given Method since shortening the stiffener under the central load 
between the point support the deflectometer bridge and the elastic line 
the beam would cause the bridge drop slightly with relation the 
elastic line, thereby rendering the deflection readings too large. Dropping, 
longitudinal tilting, the bridge would not affect the accuracy the 
results obtained Method (a). 


15. Regional Division Specimen 

For purposes analysis, and show the influence different portions 
the connection the deformation the connection whole, was found 
desirable divide the specimen into four primary regions II, III and IV, 
illustrated for both cut and uncut specimens Fig. 14. referring these 
was sometimes found convenient group all four into one region, and 
also and III into VI. should noted that Region exists only for 
column specimens, the half width the column. For plain beam 
and for plate specimens, therefore, Region comprises only Region plus 
Region For uniformity, the nominal length connection, measured 
from its back from the face the support, along the beam was taken 
in., although the length the riveted connection and the bottom 
attachment the other connections was slightly more than this. 


16. Flexural Slope Developed Individual Regions Fabricated Specimen 
While cross section the column stub assumed remain 
plane under loading, the deformation the column flanges will cause 
tilting the connection, slope the beam tangent the face the 
cantilever support. The flexural influence Region for any type con- 
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nection indicated the difference extensometer readings in. 
for column specimen and equally loaded plate specimen utilizing that 
connection. this difference there included the difference between the 
behavior the rivet group utilized for attaching the connection column 
flange and that the corresponding rivet group used attach the connection 
central plate. This difference may fairly considered essential 
deformational characteristic the half column width. 


Region II. Flexural slope attributable the deformation Region 
the specimen will, assumed that the 1-in. central transverse plate does 
not change thickness under load, the slope developed plate specimens 
distance in. from the face the plate. was impracticable, with 
the equipment available, determine the slope developed Region 
column specimens. 


Region III. The flexural slope developed Region III the difference 
between the flexural slope developed in. and that developed 

Since the gauge points the longer extensometers were placed 
in., clear local disturbance near the end the connection, 
was necessary find the flexural slope developed in. subtracting 
from that developed x.= in. the flexural slope developed the in. 
between the two cross sections involved. This difference slope may 
taken the same developed between the corresponding sections the 
mean plain beam under equal load. 


The adjustment was made writing expressions for the flexural slope 
atx 12,x the plain beam and then relating the first 
the other two. 


Region IV. The flexural slope developed Region the difference 
between that developed in. and that developed in. 


Region The total flexural slope developed Region that 
in. from the back the connection, was found summing the effects for 
the component regions. 


Region VI. Region comprises the entire connection, and extends from 
The flexural slope developed is, therefore, the sum 
those developed Regions and III. 


17. Increment Flexural Deflection Any Point Due Change Slope 
Any Region Between the Point and the Cantilever Support 


result the flexural deformation any selected region. 

The contribution flexural deflection made the flexural deformation 
any region, specimen may expressed the product the flexural 
slope angle developed the region and the distance from the inter- 
section the tangents drawn the flexural elastic curve the two ends 
the region. This evident from Fig. 15. 
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If, now, assumed for the time being that the moment inertia 
Region constant, the flexural deflection may indicated the 
ordinary deflection formula. The first derivative this gives the slope, which 

was determined experimen- 
the average moment 
inertia Region terms 
known quantities then 
obtainable. Utilizing this 
the deflection equation, 
the deflection due 
expressible the product 
the slope angle de- 
veloped the region and 


Fic. 15. Influence flexural deformation determinable distance 
flexural deflection any point. 


18. Derivation from Cantilever Specimens Flexural Deflection Mid-span 
19-ft. Simulated Beam 


computations story drift due wind, knowledge the probable 
flexural deflection the point inflection beam subjected wind 
moment from normal the unbent column the connection required. 
the clear span the beam ft. and the point inflection assumed 
mid-span, then the flexural deflection 114 in. the desired 
quantity. 

estimating the behavior 114-in. cantilever loaded its end the 
basis the performance 54-in. cantilever similarly loaded, account 
must taken the fact that for the same moment the back the con- 
nection, the moment the centre any region the connection would, for 
wind shear acting different from that existing test specimen 
with the reaction acting in. from the back the connection. When 
the moment the latter point the same that for any selected load stage 
the test specimen, the moment the middle Regions and III will 
respectively 0.98, 1.01 and 1.08 times great would for these 
regions the test specimen, while the shear would 54/114 0.4735 
great. 

Utilizing the regional slope angles, found for the specimen, and, noting 
that the deflection 114 in. due the bending the region between 
and 114 in. merely the deflection plain beam cantilever 
from tangent 12, the flexural deflection 114 in. may 
computed. 


19. Shear Deflection Any Section the Mean Plain Beam 


The flexural deflection any section the mean plain beam being readily 
calculable, once the correct value has been determined, the shear deflec- 
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tion simply the difference between the measured total deflection and the 
computed flexural deflection. 


20. Increment Shear Deflection Any Region Mean Plain Beam 


For constant shear and uniform section the shear slope angle con- 
stant and therefore the shear deflection any distance from the midpoint 
the specimen this distance multiplied 


21. Increment Shear Deflection Individual Regions Fabricated Specimen 
Region Since Region exists only for column specimens, the shear 
deflection this region will merely the difference between the shear 
deflection the same point for the plate specimen, similarly loaded. 
Region (II III). the available equipment did not permit the differ- 
entiation shear deflection Regions and III, the plotted results (see 
Section IV) show these regions combined for shear. Plate and column speci- 
mens being alike for Region (II III), and the shear deflection Region 
being assumed the same for the same region the similarly loaded mean 
plain beam, then for either plate column specimens, the shear deflection 
for the combined region the shear deflection for the plate specimen 


in., less the shear deflection between and in. for the mean 
plain beam. 


Region IV. Beyond the connection the shear deflection for Region 
that for equal length mean plain beam. 


Region The increment shear deflection arising Region 
fabricated specimen obviously the difference between the total deflection 
and the flexural deflection the same distance. 


Region VI. For Region the increment shear deflection may 
conveniently expressed the increment for Region less the shear deflection 
Region IV. 


22. Derivation from Cantilever Specimens Shear Deflection 
19-ft. Simulated Beam 

Utilizing the regional shear deflections found for the test specimens, and 
noting that the shear deflection for the region from tox 114 in. 
102/24 that for Region under the same shear, the shear deflection 114 
in. the simulated beam readily found. Allowance must made, course, 
for the fact that the shear applied 114 in. for the simulated beam 
and in. for the specimen. 


23. Coefficient Restraint 


One the objects the investigation was the determination the relation 
existing between the moment developed the supports uniformly 
loaded beam with constant moment inertia, and provided with various 
types connections, and the moment the supports the same beam 
were perfectly restrained. Let this relation called the coefficient 
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restraint and designated Then, the total load the span 
and the span, 


only, and hence The value consequently direct index 
the merit connection, far its ability introduce negative moment 
the end beam and lessen the positive moment mid-span, else- 
where, concerned. 


lessening the moment the centre beam, the value restraint 
evidenced the extent which the points inflection are shifted towards 
mid-span and the thereby shortened. The effect resist- 
ance end tilting the position the point inflection augmented 
welding riveting connection material the beam near the ends. 
effective coefficient restraint greater than unity may thus result. 

The correct effective coefficient restraint obtained considering the 
difference between the slope angles developed the plain beam and the cut- 
and-connected specimen out certain point clear the connection 
arising wholly the contact the connection with the support. im- 
material how where this difference was created. 

The coefficient restraint beam more less restrained the ends 
may shown depend the ratio the slope, the elastic line 
the support beam similar but constant cross section the theoretical 
slope, the support the same beam simply supported and similarly 
loaded. 


Since the slope the support fictitious beam not directly 
measurable, but equivalent the difference flexural slope, any 
section beyond the connection, between the simulated uncut and the cut- 
and-connected beams under equal loads. may positive negative and 
obtained follows: 


For specimens the first series this angle was obtained for each specimen 
from the original observations according Equations (2), (3) and (4) Art. 12. 


For each type specimen the second series the mean angle was obtained 
using the tabulated values for the mean curves, described Art. the 
following equations: 


Determination the 18-in. extensometers, 


Determination 31-in. and 41-in. deflectometers, 


Since the shear slope included results from the shear deflection be- 
tween and in., and since the section this region alike 
all specimens, this shear slope has been assumed the same for all speci- 
mens (see Fig. 14). 
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the following paragraph pertaining restraint, which does not involve 
shear slope, the subscript has been dropped and understood represent 
described the preceding paragraphs. 

The relations these angles the coefficients restraint and support 
and centre moments are shown Fig. 16. 


Fic. relation coefficient restraint slope angle, deflection and moment distribution. 


Coefficients restraint excess 1.0 are possible the conditions the 
adjacent spans cause the elastic line the supports the span considered 
slope upwards, the stiffening effect the connections within the span 
similarly develop negative value defined above. 

For partially wholly restrained beam, uniformly loaded, and con- 
stant moment inertia, the moment the support, applying the basic 


slope-deflection is, 


where the modulus elasticity the material, the moment inertia 
the beam, the span and the uniform load per unit length. 
varying with the end moment. Hence 
(11) 


Simple 
000 
334 \ 
» ave 
‘ 
Support | -- 
| 


From Equation (10) the value may found equating the support 


(12) 
Consequently 
(13) 


Introducing Equation (19), the values and M,, and simplifying 
have 
(14) 

Thus, evident that the coefficient restraint and the ratio 
are complementary, that either one equal unity minus the other. 
partially restrained beam the moment the support, evident 
from Equation (5), varies directly the coefficient restraint when the 
load constant, and the load, when the coefficient restraint constant. 
Therefore, desired maintain the same moment with varying co- 
efficient restraint, the required load will increase the same ratio the 
coefficient restraint decreases, and vice versa. other words, the load 


will need vary 


The above relations have reference symmetrical, uniformly loaded beams 
with constant moment inertia and with the same degree restraint the 
two ends. was not considered practicable test full-size beams this 
type, and the experimental work was carried out with specimens the 
double-cantilever type. The relation between and moment, and there- 
fore angular deformation, found for the cantilever specimens must now 
adjusted transformed such way applicable the simulated 
partially restrained beams, that is, beams that were being indirectly 
investigated study the behavior equivalent, more readily manageable, 
specimens. 


Consider now that double-cantilever specimen with two arms length 
each, Fig. 12, subjected load W,. For the moment each 
cantilever support there will certain slope angle corresponding 
coefficient restraint yet unknown. Obviously, the tested connection 
existed either end the beam represented simulated the cantilever 
specimen, and the moment and shear conditions were the same within the 
limits the connection, the slope angle and the coefficient restraint would 
the same were found for the cantilever specimen. The problem, then, 
determine the load that would need applied the partially re- 
strained simulated beam order that the moment the face the support, 
the slope angle and the coefficient restraint will the same for the 
test specimen. 
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Now the moment the cantilever supports the test specimen W’, 
and independent the slope angle long the specimen remains 
intact. the load required the partially restrained beam and the 
span length then, for equal moments, 

from which 

This load applied the partially restrained beam produces slope 
angle the support and applied simply supported beam would 
produce angle the support. Hence the coefficient restraint is, 

Now the slope angle the support simply supported beam varies 
directly the load, within the elastic limit, and the load became W,, the 
same the double cantilever specimen, the support angle (Equation (12)) 
would some proportionate angle, with value 


(16) 
proportion, then, have the relation 
(17) 
Introducing the value from Equation (15), 
and, from Equation (14), 


Solving for the coefficient restraint becomes 


+16 


(19) 
If, was adopted the first series, the span, the simulated beam 

the ideal value 6/,, and the slope, the support the beam simply 

supported under load becomes 

6’ 


(20) 


For any other span simulated beam, with the corresponding slope, 
Equation (19) may written 


which, for specimens the second series where 


1.42, 
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becomes 
(22) 


From Equation (16) will seen that the support angle varies the 
square the span. Making use this fact Equation (21) may readily 
transformed show the effect the span length the simulated beam 
the coefficient restraint. 


The load required produce the same end moment and the same end slope 
angle, the partially restrained beam produced the specimen 
load then, Equation (15), 

where determined the applicable equation, (20), (21) (22). 


24. Story Drift Due Wind 

One the principal objects the investigation was determine the 
relative drift horizontal movement under wind, other lateral force, 
given story building with various types connections between the beam 
and the columns. 

Since for symmetrical bent, symmetrically loaded, gravity loads produce 
lateral movement, the only influence that gravity load would have 
drift for bents the type mentioned would the possible difference 
connection deformations, when subjected given load increment different 
stages their safe loading range. Neglect this circumstance not likely 
lead any appreciable error when welded connections are used. The 
error greater for riveted connections, may seen from examination 


Fig. (f) and (j). 


the present investigation, detailed consideration has been given two 
cases loading: 


(1) Wind acting one direction the safe capacity the connections; 


(2) Wind capacity one direction, reversing capacity the opposite 
direction. 
comparing the story drifts expected when different types con- 


nections are used must borne mind that the total story drift angle 
the sum three drift angles and follows: 


caused flexural and shear deflection the beams unaffected 
connections; 

caused the effect the connections beam deflection; 

a3, caused the flexural and shear deflection the columns. 

Evaluation the effect the connections is, therefore, significant only 
when compared with the total effect the three causes. Obviously, the 


bending the beams and columns depends the sections chosen, and the 
results are consequently only those for particular, though typical, case. 


‘ 
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Connections Asymmetric Deformation. connection considered 
symmetrical its top and bottom attachments are identical and the pro- 
cesses connecting them are similarly carried out. While the individual 
attachments may deform quite differently tension and compression, the 
deformation the connection unit will symmetrical, that is, equal 
normal and reversed loads will produce equal deflections opposite directions. 


If, either design fabrication, connection not symmetrical may 
not deform symmetrically under loads opposite directions. the stronger 
stiffer attachment proportionately stronger than the other both 
tension and compression symmetrical deformation will result. Therefore 
only when one attachment disproportionately stronger, weaker, than the 
other one direction, will the connection unit deform asymmetrically. 

The greatest difference deformation for opposite loads among the con- 
nections tested occurred for the one type symmetrical design—the riveted 
connection. The top flange was disproportionately weaker tension. 
thought that this was result the order riveting, and excessive stresses 
the inner tension rivets due T-flange deformation maximum loads. 


Displacement the Point Inflection. Since the connections opposite 
ends beam, under wind load only, are deformed opposite directions, 
any lack symmetry the deformation occurring will displace the point 
inflection the beam from the centre towards the critical connection, that 
one which loaded its weaker direction. This eccentricity will greatest 
for single bent and will reduced any bent series the effect 
the adjacent bents. 

The displacement the point inflection corresponding the lack 
symmetry the extreme case cited above was less than the half-span 
and was therefore considered negligible. there had been, however, marked 
difference the behavior the connection under loads opposite directions, 
would have been necessary modify the loading program adopted, use the 
suitable mean curves provided thereby, and allow for the displacement 
the point inflection the calculation story drift angle. view the 
existing circumstances, however, the much simpler method calculating 
story drift angles based the assumption central point inflection 
was adopted. 

The story drift angle, due the deformation the beam and its 
connections for any given moment the support caused wind load 


equal the deflection, the simulated beam mid-span divided 
half the span length, 
(24) 
The value used for any given connection that calculated for the 
corresponding test specimen with the same end moment for the simulated 
beam and with assumed cantilever arm 114 in., half the span the 
simulated beam. That is, 
(25) 


228 114 
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The drift angle, attributable the connections, may determined 
using the difference deflection between uncut, and cut-and-connected 
specimens, that is, for plate connections, 


114 


and for column connections, 
The drift angle, due column bending determined the deflection 
(28) 


or. » 


where the deflection the column mid-height and the height 
the story 144 in. 
Summing the effects, the total drift angle becomes 
(29) 
which, for cases where the connections are the column web the simulated 


story, becomes 


and where the connections are the column flanges becomes 


For reasons given Art. the and loads were chosen represent 
the behavior the connection when subjected repeated reversals load 
and repeated loads one direction, respectively. Consequently, com- 
puting the drift angles resulting from these two types wind loads the 
values were derived from the tabulated results for the mean and 
curves respectively. 


q 
q 
114 


